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Identification of fungal isolates is critical in studying Aspergillus flavus ecology
and for developing methods to reduce aflatoxin contamination. In our efforts to track
biocontrol applications of the atoxigenic A. flavus K49 (NRRL 30797), we have
developed a rapid and accurate classification system for A. flavus based on PCR product
melting temperatures (Tm). Using 18 primers and a total of 59 Aspergilli strains,
including all 49 representatives of the Georgian peanut Vegetative Compatibility Groups
(VCGs), a decision tree Tm flowchart was generated. The decision tree can classify all 59
strains using only 9 of the SSR primers and an average of 3.4 primers for each definitive
classification. To confirm the effectiveness of the decision tree for strain identification,
unknown samples isolated from experimental fields inoculated with various A. flavus
strains in Stoneville, MS were analyzed. Ninety-six percent of the samples could be
placed into a VCG using Tm(s) coupled with the decision tree. This dynamic system is an

excellent tool for researchers studying biodiversity of A. flavus.
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CHAPTER I
INTRODUCTION
Aspergullus species are frequently present soil, water, decaying vegetation, and
organic debris. Aspergullus is the most ubiquitous fungus with airborne conidia. Their
spores can be distributed easily into the environment by air currents. As a result of this
ubiquitous presence, people are constantly exposed to Aspergullus spores. Several
Aspergillus species have been described as human pathogens.
There are several clinical demonstrations that show Aspergullus as a devastating
pathogen. In immuno-compormised patients, it can cause invasive aspergillosis (IA),
which is a life-threatening disease. Pulmonary infections are thought to arise by local
tissue infection, and eventually disseminate to other deep seated organs. IA is a growing
problem in hospitals because of the increase in number of patients undergoing bone
marrow, solid organ transplantations, chemotherapy for cancer, or therapy with
corticosteroids. IA has increased dramatically in recent years because in hospitals
undergo renovations releasing pathogenic fungi into the air circulation system of central
air conditioning systems (Girardin et al. 1994; Latge 1999).
Allergic broncho-pulmonary aspergillosis (APBA) is an uncommon but serious
respiratory condition which causes chronic airway inflammation and airway damage.
This condition results from continual colonization by Aspergillus. ABPA can cause cystic
fibrosis especially in children (Nelson et al. 1979).
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Of all aspergilli, A. fumigatus is the organism that was most frequently isolated
from human infections (Lin et al. 1995). A. flavus is the second most common etiologic
agent of human aspergillosis (James et al. 2000a). Other Aspergili such as A. niger, A.
nidulans and A. terreus can also be the causative agents of various infections. Some
Aspergillus species produce mycotoxins, which are a serious problem as they have
adverse effects on human health. Aflatoxins are produced by some fungal isolates from
the Aspergillus section Flavi such as A. flavus, A. parasiticus, and A. nomius. Aflatoxins
are highly carcinogenic and mutagenic secondary metabolites (Baird et al. 2006; Kumeda
& Asao 1996). Another important mycotoxin is ochratoxin A (OTA); this toxin can cause
renal toxicity, mutagenecity and immunotoxicity in humans and it is a possible human
carcinogen. OTA is produced by A. ochraceus and A. carbonarius which belong to
Aspergillus section Nigri (Esteban et al. 2006; Gonzalez-Salgado et al. 2005; Pitt 2000).
Typing techniques of Aspergillus isolates have been developed and improved for
understanding the genetic and epidemiological relationships between environment and
clinical Aspergillus isolates. It can help researchers to realize the fungal distribution and
relatedness for determining the epidemiology of fungus. This understanding will help and
design better pathogen control methods (Singh et al. 2006). Typing techniques can also
give a deeper understanding of the colonization pattern of crop fields. Whether
colonization of the crop fields is due to one or several isolates or if frequent
re-colonization takes places can be determined by typing culture isolates from crop fields.
Several phenotypic and genotypic studies have been used to distinguish among individual
Aspergullus isolates. With the development of new typing technologies based on DNA
rather than on phenotypic characteristics such as short tandem repeats, the method of
2

typing has changed.
In this study, we established a typing method based on the PCR-dependent
reaction but analysis of the banding pattern by agarose gel was substituted for melting
temperature of obtained fragments.

3

CHAPTER II
LITERATURE REVIEW
Aspergillus spp. and Maize
Aspergillus is an anamorphic genus consisting of about 250 recognized species.
Some members of the genus produce teleomorphs (sexual states). The genus has been
divided into a number of sections. Aspergillus flavus belongs to section Flavi. This
section contains the major aflatoxin-producing species, A. flavus and A. parasiticus
(Frisvad et al. 2005). In culture, Aspergillus flavus is fast-growing and it produces
yellow-green colonies, usually 65-70 mm in diameter after 7 days of incubation in the
dark at 25°C on Czapk yeast extract (Klich 1993; Klich 2002). Aspergillus flavus is
classified into two types at morphology level called the S and L strains (Cotty 1989). The
S strain produces small sclerotia (<400 μm in diameter), and it has few conidia but
produces high levels of aflatoxin. The L strain produces larger sclerotia, but less aflatoxin
(<400 μm in diameter) than the S strain. Some of L strains do not produce aflatoxin
(Cotty 1993; Dorner 2009). However, sclerotium morphology is not a proper indicator of
phylogeny because A. flavus consists of several major lineages (Chang et al. 2006) that
are not fully defined. The reason is that phylogenic analyses often do not take into
account of recombination and balancing selection, and both can introduce significant
phylogenic errors (Carbone et al. 2007). A. flavus has been later divided into two groups,
I and II, based on the restriction fragment length polymorphism (Geiser et al. 1998).
4

Group I contain L and R strains and produces only B aflatoxins. Group II contains only S
strains that produce B and G aflatoxins. A. parasiticus is also widespread in the United
States but less abundant then A. flavus. This species infects peanuts, corn and cotton seed
(Horn 2005). A. parasiticus has a lower temperature optimum for seed invasion than A.
flavus (Horn 2005). A. parasiticus also appears to be more adapted to survival in the soil
and less dependent on crop infection than A. flavus. This is suggested by the sizable
populations in a agricultural soil north of where peanuts are cultivated (Dorner et al.
1989). Fungal species other than A. flavus and A. parasiticus that occur in the United
States, but have a minor impact to agriculture. A. nomius is often reported form dead or
diseased insects (Peterson et al. 2001). A. nomius populations are most often found in
agricultural soils from the Mississippi Delta region and in parasitized alkali bees in
Wyoming (Horn 1998). A. caelatus is widespread in soils from the southern United States
and also has been reported in insect-damaged peanuts. However, A. caelatus does not
produce any mycotoxins (Horn et al. 1995). A. alliaceus, is the only species from section
Flavi with a known sexual state, and it produces ochratixin A (Bayman et al. 2002). Both
A. tamari and A. alliaceus are isolated form soil and crops, but their distributions within
United States are not defined. There are two rare species, A, leporis and A. avenaceus
have also been reported: A. leporis is found only in rabbit dung, and A. avenaceus, has
been reported only from soil in California (Christensen 1981).
Aflatoxin contamination of maize may be caused by several species in Aspergillus
section Flavi, and these fungi have the ability to destroy crops and produce aflatoxin
(Cotty 1989). A. flavus has been isolated form soils in all of the major biomes, but the
major region is warm temperature zone (latitudes 26-35°) (Klich 2002). In United States,
5

aflatoxin is a chronic problem in corn in the southeastern growing area (Payne & Hagler
1983). Field contamination is associated with high temperature and drought stress but
does occur in crops in more temperate climates during hot drought years (CAST, 2003).
Studies of A. flavus densities in soil have shown that they are denser in crop soils than in
forest or prairie soils (Angle & Wagner 1980; Horn 2005).
A. flavus infection affects crops differently. In corn, A. flavus causes an ear rot. In
peanuts, it causes a seedling disease known as yellow mold of seedling called “aflaroot”
and inhibits the root hair development in tobacco (Maren 2007). A. flavus also affects
cotton quality by causing boll rot (Klich & Lee 1982). Aflatoxin producing Aspergullis of
section Flavi also differ in morphology, physiology and ecology (Cotty 1989; Cotty
1994a). During crop development, aflatoxin is generated contaminating and it may
continue to accumulated after crop maturation until the grain is harvested and ultimately
consumed (Cotty 1994a). Some abiotic factors such as temperature and humidity as well
as biotic factors such as insects determined the average aflatoxin-producing potential of
the fungal community associated with crops (Cotty 1997). Drought stress induces a great
increase in proline production in plants (Barnett & Naylor 1966), and proline has been
shown to enhance aflatoxin production (Payne et al. 1983). Additionally, antimicrobial
compound is called phytoalexins (Figure. 1), which are produced in plants, act as toxins
to the attacking organisms This compound puncture the cell wall, delay maturation,
disrupt metabolism, or prevent reproduction of the pathogens and may be inhibited by
drought stress (Maren 2007). This phenomenon has been shown in immature peanuts.
Immature peanut plants exposed to A. flavus inhibited fungal growth until drought
conditions stopped the production of phytoalexin (Dorner et al. 1989).
6

Figure 1

A Crucifer Phytoalexin (Sigma-Aldrich).

Phytoalexins are essential secondary metabolites produced de novo by plants in response
to diverse forms of stress, including microbial attack.
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A. flavus utilizes free saccharides and oil before using starch from crops. A
previous study showed that removing lipids from cottonseed can reduce aflatoxin
production up to 800-fold. A. flavus preferentially utilized saccharides as an initial carbon
substrate followed by triglycerides. When invading non-wounded corn kernels, the
fungus selectively targets the germ tissue where these materials are localized in the
highest concentrations (Mellon et al. 2000; Mellon et al. 2005). In the United States, the
mean economic loss form aflatoxins is estimated to be $932 million (CAST 2003).
Economic loss of aflatoxin in the Mississippi was $2,000,000 for maize; $4,367,000 for
Atizona cottonseed; $7,000,000 for Texas cottonseed; $25,000,000 for Georgia peanuts;
$15,000,000 for Texas maize (Robens 2001).
Aflatoxins were first isolated and characterized after the death of more than
100,000 turkeys (turkey X disease) was traced to the consumption of a
mold-contaminated peanut meal (Goldblatt 1969). Four major aflatoxins are called B1, B2,
G1 and G2 (or AFB1, AFB2, AFB3 and AFB4) (Figure. 2) based on their fluorescence
under UV light and the relative mobility on thin-layer chromatography (Turner et al.
2009).

Aflatoxin B1 is the most common aflatoxin, and it is a genotoxin known to be
B

carcinogenic for human and animals (McKean et al. 2006; Wang & Tang 2004). To date,
aflatoxin B1 is the only mycotoxin classified as a group 1 human carcinogen by the
International Agency for Research on Cancer in 2002. Over long periods of consumption
of low daily doses of aflatoxins may result in chronic aflatoxicosis. Complications from
aflatoxicosis include impaired food conversion, stunting in children (Gong et al. 2004),
immune suppression, and cancer and reduced life expectancy (Cardwell et al. 2001; Gong
et al. 2004; Williams et al. 2004). Ingestion of high concentrations of aflatoxin results in
8

Figure 2

Structures of Aflatoxins.

Modified from: Journal of Chromatography A, Volume 1048, Issue 1, 3 September 2004,
Pages 25-29
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acute aflatoxicosis, resulting in severe liver damage leading to jaundice, hepatitis and
death (Williams et al. 2004). Other studies show that aflatoxin exposure can suppress
immune function especially cell-mediated immune responses (Bondy 2000). More
specifically, these studies on the immunotoxic effect of aflatoxin have shown that
exposure to aflatoxin decreased T or B lymphocyte activity (Reddy 1987) and impaired
macrophage/neutrophil effecter functions(Moon 1999). For the livestock, consequences
of chronic aflatoxicosis in pigs have been showed to decreased feed conversion and
weight gain. In dairy cattle, milk production is decreased and in beef cattle weight gain is
lowered (Newberne 1974). Ducklings may develop cholangiocarcinoma, hepatocellular
carcinoma, or both when exposed to prolonged feeding with low dietary concentrations
(Newberne 1974). Trout develop hepatic tumors when dietary aflatoxin levels reach a few
parts per billion (Ashley et al. 1964).
Cytochrome P450 enzymes convert aflatoxins to the reactive 8, 9-expoxide form
and binds to both DNA and proteins. The mechanism of DNA damage is the binding of
the aflatoxin expoxide to the N7 position of guanine because the reactive electrophilic
expoxide can covalently interact with macromolecular nucleophilic center as well as
DNA. These adducts can result in GC to TA transversion (Eaton & Gallagher 1994). The
transversion alters the codon 249 of the p53 tumor suppression gene (Aguilar et al. 1993)
Outbreaks of acute aflatoxicosis are rarely reported in developed countries, but there
is a greater occurrence in developing countries (Krishnamachari & Bhat 1976; Probst et
al. 2007; Tandon et al. 1977). India and Kenya have reported the cases of acute
aflatoxicosis. An outbreak of acute aflatoxicosis (20 cases) was reported in Makueni
district, Eastern Province, and Kenya in 1981 (Ngindu 1982). Patients were clustered in
10

family groups that shared meals consisting of aflatoxin-contaminated maize (1,600 to
12,000 ppb). Acute hepatitis associated with consumption of moldy grains also has been
reported in other areas in Africa, Western India, and Malaysia (Krishnamachari 1975a;
Krishnamachari 1975b; Tzee-Cheng et al. 1991), where affected persons came from areas
prone to drought and malnutrition, and unseasonable rains forced the harvest of grains
before adequate drying had occurred. Typically, increased reports of jaundice and
hepatitis followed within weeks of such harvests. Locally produced maize associated with
this outbreak was harvested in February during peak rains, and the first illnesses were
reported in Makueni district in late March and early April. The United States Food and
Drug Administration (FDA) has set limits on the amount of aflatoxin allowed in various
foodstuffs. Limits on aflatoxin in animal feed range from 20-300 parts per billion (ppb)
and depend on the type and age of animal. In food for human consumption, the maximum
amount of aflatoxin allowed is 20 ppb; in milk, less than 0.5 ppb of aflatoxin M1 is
allowed.
It was well known that crops contaminated with aflatoxin have a bright greenish
yellow (BGYF) color and fluorescence under long-wave ultraviolet light (365 nm)
(Diener et al. 1987). This fluorescence technique or method has been used to detect the
contamination of aflatoxin. However, this method is unreliable because some
contaminated seeds do not fluoresce under the UV light (Shotwell et al. 1981). When
mature seed is exposed to specific temperatures (usually above 30°C), and high relative
humidity (above 85%) after boll opening, and the seed become associated with A. flavus.
The fungus propagates shortly after adequate moisture is introduced to the seed. Infected
seeds during these conditions often do not exhibit BGYF on either linters or lint (Cotty
11

1997). Health risks and economic loss of crops make the development of accurate
aflatoxin testing methods a necessity. Due to the simplicity, thin layer chromatography
has become the standard analysis method for screening of aflatoxins (Gilbert & Vargas
2003), Other modern analytical approaches such as high performance liquid
chromatography (HPLC) and enzyme linked immunosorbent assay (ELISA) are also used.
The general procedure, extraction of aflatoxin with aqueous acetonitrile or methanol,
followed by clean-up of the extract solution using affinity columns. These procedures
provide sensitive and selective results for a wide range of feeds and animal feed
(Trucksess 2002). TLC is the oldest of the chromatographic methods, requiring less
advanced and expensive equipment than other chromatographic methods. But the low
accuracy has limited its use in research fields (Shetty & Bhat 1997). HPLC is a
chemistry-based tool for quantifying and analyzing the amount of a chemical compound
within a mixture of chemicals. It is highly versatile and easily automated for detecting
aflatoxin. In addition, it is accurate, quick, and can analysis several samples at the same
time. However, expensive equipments and complex procedures restrict wide application
(Whitaker et al. 1996). ELISA is a recently developed method for determining aflatoxin
in food and other commodities. Since it is rapid, simple and highly sensitive, the method
has become popular for analyzing aflatoxins. However, due to false positives, it is
essential that positive results be confirmed (Sabino et al. 1997)

Aflatoxin Control in the Crop Field
Control of aflatoxin contamination can be done by two ways, control the fungus
or aflatoxin production. Many of factors influence growth and distribution of fungus and
12

aflatoxin production (Diener et al. 1987; Klich 2007; Payne & Brown 1998). Because
aflatoxin is a problem in plants under stress and can be reduced by lowering plant stress.
The first approach to reducing aflatoxin production is controlling the stress, such as
planting at appropriate seed density, limiting insect damage, planting regionally adapted
cultivars, irrigation when needed, and harvesting when crops are mature (Maren 2007).
However, these approaches are not sufficient to prevent aflatoxin formation. Thus,
researchers started to use chemical control, using chemical compounds to remove
aflatoxin (Gourama & Bullerman 1995). A. flavus growth and aflatoxin biosynthesis
depend on substrate, moisture, temperature, pH, aeration, and competing microflora. The
growth of A. flavus and aflatoxin production are sometimes unavoidable. The common
application is using heat. Roasting temperature range from 143°C to 149°C can reduce
aflatoxin concentration in corn by 50% (Kenkel 1999). Also, ammonia, sodium hydroxide,
ammonium hydroxide, sodium hypochlorite and hydrogen peroxide can remove aflatoxin
(Abbas 2005). However, chemicals can protect crops against further infection, but it
cannot reduce aflatoxin which has been produced before or after chemical treatments.
Other approaches including using atoxigenic fungi that do not produce toxin can be used
to displace the toxigenic strains (Abbas 2006). Certain atoxigenic strains have the ability
to competitively exclude aflatoxin-producing strains during crop infection and thereby
reduce aflatoxin contamination. In cotton, the potential for biological control of afatoxin
has been demonstrated (Cotty 1994b). A non-aflatoxigenic strain, AF36, is being used to
control aflatoxin production in commercial cotton field. Another commercial product,
called Afla-guard®, provides the means of introducing a competitive, non-aflatoxigenic
strain of Aspergillus flavus into soils where peanuts are being grown. The introduced
13

strain competitively excludes toxigenic strains naturally present from invading
developing peanuts (Lamb 2006). According to the 4-year studies, non-aflatoxigenic,
indigenous A. flavus strain K49 has shown a reduction in toxigenic isolates from 60% of
the total population to less than 20% (Abbas 2006).
Host resistance to fungal infection is another approach to reduce aflatoxin
production. Maize kernels are vulnerable to infection because fungus can infect through
pollen tubes (Burow et al. 1997). Aspergullus flavus can utilize the embryo tissue, which
has a high lipid content. The fungus metabolizes the starchy endosperm, contributing to
fungal metabolites found in the endosperm and aflatoxin detected in the kernel (Brown et
al. 1999).
Little is known about the process of fungal invasion into maize tissue after
inoculation into kernel. In inoculation of maize with GPF-tagged fungus, fungal tissue
was accumulated in the pith of cubs of susceptible maize lines (Magabanua 2004). After
28 days of inoculation, fungus can be found throughout all rachis tissue (Smart 1990).
According to the genetic study of maize, it has been known that resistance to A. flavus
infection and aflatoxin accumulation is a multigenic quantitative trait and that additive
and dominance types of gene action are both important (Naidoo et al. 2002). As a
consequence, breeding for resistance to A. flavus or aflatoxin accumulation was
considered very difficult. Therefore, the focus of the United States Department of
Agriculture/Agriculture Research Service (USDA/ARS) Corn Host Plant Resistance
Research Unit was to develop a resistant maize line (Mp313E) (Scott & Zummo 1990).
The genetic study of Mp313E revealed that specific DNA regions called Quantitative
Trait Loci (QTL), are associated with a particular phenotypic trait. These QTL are often
14

found on different chromosomes, which correlated to aflatoxin resistance on chromosome
2, 3 and 4 (Brooks et al. 2005, Scott & Zummo 1990).

Chitinase Protein
Plants do not contain an immunosystem and thus they are vulnerable to pathogens.
With the purpose of protecting themselves from pathogens, plants have to develop their
own defensive response. The responses are elicited during their life cycle in response to
development signals and pathogen attack (Bowles 1990b). Plants respond to attack by
pathogenic organisms such as fungi and can express a large number of genes encoding
diverse proteins. Many of these proteins are believed to have a role in plant defense
mechanism (Bol et al. 1990; Bowles 1990a; Dixon & Harrison 1990). Antimicrobial
factors of proteins or peptides have been extensively investigated because such factors
could be rapidly introduced into corn through genetic engineering. Several of these
proteins are recognized as biochemical factors possessing antimicrobial activity to
enhance disease resistance when over expressed in plants. Many of these proteins cause
plant cell death or cell wall modifications at the pathogen attacking sites (Kauss 1986).
Others directly react to pathogens called pathogenesis-related (PR) proteins. They can be
found in wide range of organisms including plants, fungi, bacteria and animals (Matsuoka
& Ohashi 1986; van Loon 1985; Van Loon & Van Strien 1999). Among
pathogenesis-related proteins, the lytic enzyme chitinase has been speculated to play a
crucial role in plant defense (Bowles 1990b). The protein chitinase is of particular interest
because no substrates for this enzyme have been identified in plants. Chitinase catalyzes
the hydrolysis of chitin, a liner homo-polymer of β-1, 4-linked N-acetylglucosame
15

(GlcNAc), which is commonly a component of fungal cell walls (Boller 1988; Roberts &
Selitrennikoff 1988). In fungi, chitin constitutes 3-60% of the cell wall (Boller 1988).
Thus, chitinase inhibits the growth of many fungi by causing lyses of hyphal tips. In
combination with β-1, 3-glucanase (Broekaert et al. 1988), chitinase has been shown to
accumulate around fungal hyphal (Wubben et al. 1992).
The structure and expression of chitinase genes has been studied in a variety of
dicot and monocot plants (Leah et al. 1991). Three classes of chitinase have been
emerged from the structure analysis of plant chitinase genes (Shin-shi et al. 1990). Class I
chitinases have cysteine-rich domains at amino-terminal and a highly conserved catalytic
domain. Class II chitinases lack cysteine-rich domain but have a catalytic domain which
has homology to class I chitinase. Class III chitinases have no similar characteristics to
class I and class II but are homologus to the acidic chitinases of cucumber and
Arabidopsis (Samac et al. 1990). In 1990, chitinases in tobacco have been grouped into
five major classes by both biochemical and molecular-biological techniques (Bol et al.
1990). By then, 11 families were recognized and classified for tobacco and tomato (van
Loon et al. 1994). In most plants, chitinases are encoded by multigene families. These
genes are differentially expressed during development and are induced by a variety of
defense-related and environmental stimuli.
During the apical growth in filamentous fungi, chitin and β-1, 3-glucan fibers are
synthesized in the apex of the growing hypha (Borgia & Dodge 1992). Thus, the exposed
nascent chitin chains at the apex are hydrolyzed by chitinase. The enzyme activity,
protein and mRNA levels of chitinase have been reported to be higher in resistant
cultivars at early stage after inoculation then in susceptible cultivars (Daugrois et al. 1990;
16

Joosten & De Wit 1989; Rasmussen et al. 1992). Additionally, chitinase can be induced
after ethylene treatment. This implies that ethylene is an endogenous signal for chitinase
(Sieber et al. 2000). An immunocytochemical study showed that chitinases are localized
in vacuoles, and the C-terminal of chitinase protein is a target sequence for vacuole
localization in tobacco, bean, potato and Arabidopsis (Gaynor 1988; Parsons et al. 1989;
Sieber et al. 2000).

Aspergillus flavis Diversity
Populations of Flavi are diverse and individuals differ greatly in phenotype,
including the conidial color, sclerotium production, pigment and growth rate (Christensen
& Nelson 1976; Nenoff et al. 1997). In many filamentous fungi, including A. flavus,
physiologically distinct individual of the same species can fuse asexually to form a
heterokaryon. The participants in forming stable heterokaryon are vegetatively
compatible and belong to the same vegetative compatibility group (VCGs) (Horn 1996;
Leslie 1996). This method provided a multi-locus phenotype for measuring genetic
diversity. The formation of stable hyphal fusing is under control the het loci whose alleles
must all be identical (Leslie 1993). The validity of using vegetative compatibility as a
tool for measuring genetic diversity was indicated by two blind studies in which
populations of A. flavus and A. caelatus. They were examined by using DNA
fingerprinting through single nucleotide repeats (SSR) primer (McAlpin et al. 2005;
McAlpin et al. 2002). In both species, population showed a nearly identical between
fungal VCGs and DNA fingerprinting groups. DNA fingerprinting has also been used to
describe the diversity of A. flavus and A. parasiticus populations (McAlpin et al. 1998).
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Other molecular techniques, such as DNA sequencing, need long period of time for DNA
preparation, PCR reaction, data analysis, and were previously limited by the huge
numbers of fungal isolates and it is possible to lower the costs.

Restriction Fragment Length Polymorphism (RFLP)
When genomic DNA from Aspergillus spp. isolate is cut with a restriction enzyme,
there are up to 10,000 different DNA fragments may be obtained. Obviously, these
fragments cannot be distinguished because of its vast amount of fragments produced.
Analyzing only large fragments (10-50 Kbp) in different isolates may show different
banding patterns. Different banding patterns result from the substitution, insertion, or
deletion of the restriction enzyme recognition sites. Burnie et al (1992), suggests that
XhoI and SalI had the highest discriminatory power with this approach. The RFLP
technique has also been used for identification A. flavus for heterogeneous group on
mitochondria DNA, but isolates from identical species could not be distinguished from
each other (Moody 1990) with this method.

Random Amplified Polymorphic DNA (RAPD)
Based on the standard PCR reaction, a random amplified polymorphic DNA
(RAPD) was developed. This approach used two primers that will anneal to genomic
DNA under highly stringent conditions. The key step is each primer which has 8 to 20
base pairs combined with low annealing temperatures during PCR reactions.(van Belkum
et al. 1993). In doing so, a primer can anneal to multiple positions in the fungal genomic
DNA. After several standard PCR cycles, DNA fragments are amplified and are
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determined by the number and location of their anneal sites. Unrelated isolates usually
yield different banding patterns. Several reports have shown that this approach can
distinguish A. fumigatus and A. flavus (Aufauvre-Brown et al. 1992), but the
discretionary power is low (Varga & Croft 1994).

Restriction Fragment Length Polymorphism with Hybridization
Restriction Fragment Length Polymorphism with Hybridization technique is
similar to RFLP; however, it uses a specific subset of restriction fragments for analysis.
Genomic DNA is cut by restriction enzymes, and fragments are separated by agarose gel,
and then transferred to nylon filter by Southern blotting. Differences in patterns between
unrelated isolates can be expected because of variations in copy number and flanking
regions of the target regions (Girardin et al. 1993). A specific probe called pAF28 was
constructed for detecting A. flavus (McAlpin & Mannarelli 1995). This probe has been
used to type clinical and environmental isolates in neonatal intensive care units (James et
al. 2000b). For A. terreus, a repetitive sequence probe was used to type 12 isolates, and
six patterns could be distinguished (Rath 1999). For the determination of a strain
belonging to the group of Aspergillus section Nigri, three different genes were used as
probes in RFLP analysis. The RFLP method is used to confirm the differences of new
species with known species. Unique RFLP patterns were obtained for this isolate and it
was therefore designated as novel species (de Vries et al. 2005). In a simpler way, the
analysis is performed on one specific amplified target. This fragment is then cut by one or
several restriction enzyme(s) and the obtained fragment can be separated by
gel-electrophoresis. This method is often called RFLP or PCR-RFLP. Consequently, this
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analysis method depends on one specific PCR amplified target. It is suitable for
discriminating between species but is not sufficient to distinguish between unrelated
isolations within a species (Somashekar et al. 2004).

Amplified Fragment Length Polymorphism (AFLP)
Amplified fragment length polymorphism (AFLP) is a PCR-based technique used
in genomics research, DNA fingerprinting, and in the practice of genetic engineering.
AFLP uses restriction enzymes to cut genomic DNA, followed by ligation of adaptors to
the sticky ends of the restriction fragments. A subset of the restriction fragments are then
amplified using primers complementary to the adaptor and part of the restriction site
fragments. The amplified fragments are visualized on denaturing polyacrylamide gels
either through autoradiography or fluorescence methodologies (Vos et al. 1995). In 2003,
a total of 96 A. fumigatus isolates was examined by this technique with EcoRI and MseI.
Different fungal isolates could be separated by the same restriction enzymes (Warris et al.
2003). Using the same restriction enzyme but different adaptors, the genetic diversity of
Aspergillus sections Flavi and Nigri was examined by AFLP. The results showed that
AFLP is an excellent typing approach to differentiate Aspergillus spp.

Microsatellites or Short Tandem Repeats (STR’s)
A short tandem repeat (STR) in DNA occurs when a pattern of two or more
nucleotides are repeated and the repeated sequences are directly adjacent to each other
(Adair et al. 2000; Puers et al. 1993; Skowasch et al. 1992). Different isolates can be
distinguished from each other based on the differences in repeat numbers. The repeat
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region can be easily amplified by PCR primer. If the primer is labeled by florescent
chemicals, the resolution can be increased at the electrophoresis pattern. There are 7
polymorphic microsatellite loci that have been discovered in A. flavus and A. parasiticus
(Tran-Dinh & Carter 2000).

Multilocus Sequence Typing (MLST)
Multilocus sequence typing (MLST) is a technique commonly used in molecular
biology for typing of multiple loci. This procedure characterizes the isolates of bacterial
species using the DNA sequences of internal fragments of multiple (usually seven)
housekeeping genes. A housekeeping gene is typically a constitutive gene that is
transcribed at a relatively constant level. The housekeeping gene's products are typically
needed for maintenance of the cell. Housekeeping genes are used as internal standards in
quantitative polymerase chain reaction since it is generally assumed that their expression
in cells is unchanged. Approximately, 450-500 bp internal fragments of each gene are
used, as these can be accurately sequenced on both strands using an automated DNA
sequencer. For each housekeeping gene, the different sequences present within a bacterial
species are assigned as distinct alleles and, for each isolate, the alleles at each of the loci
define the allelic profile or sequence type (ST)(Taylor 2003). Depending on the genomic
housekeeping gene, MLST data has also been used to investigate the evolutionary trend
for bacteria and fungi (Urwin 2003). MLST has been increasingly applied as a routine
typing tool that enables international comparison of isolates. Its data have been exploited
in evolutionary and population analyses that estimate recombination and mutation rates
and investigate evolution relationships among bacteria belonging to the same genus
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(Urwin 2003). For this reason, in the Aspergullus section Fumigati, the MLST approach
has led to the description of a new sibling species, A. lentilus (Balajee et al. 2005).

Summary
Several molecular methods have been described for typing A. flavus and A.
fumigatus isolates. Typing techniques with high discriminatory power are necessary. PCR
based methods required small amount of template DNA, which are easy to obtain. In the
contrary, the non-PCR RFLP methods either with or without hybridization needed
relatively large amount of highly purified DNA which make them time-consuming and
labor intensive (Lin 1995). Several PCR methods such as AFLP, MLST and
microsatellites need special equipment to separate DNA fragments with high resolution
electrophoresis conditions. On the other hand, the RAPD method can be done by
inexpensive equipment and it is the most widely used method for typing Aspergullus
isolates (Lasker 2002). Furthermore, AFLP techniques is applicable to any organisms
without the need for prior genome sequence information (Savelkoul 1999). Besides
aspergilli, AFLP has been used with other microorganisms, including other fungi, but also
in plants and animals, so does RAPD methods (McEwen 2000).
Reproducibility refers to the ability of a technique to yield the same result when a
particular isolate is repeatedly tested. For large scale and longitudinal epidemiological
studies, stable fingerprinting techniques are required. Methods based on band-comparison
such as RAPD, RFLP and AFLP could generate non-reproducible results from variable
intensity of DNA bands, which is probably due to small variations in the various steps of
the procedures that may affect the final peak intensity (Bart-Delabesse 2001). Another
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important concept of typing techniques is the ability to exchange data between different
laboratories. Genotypes acquired form all over the world can be compared to each other,
which would help researcher understanding the global epidemiology microorganisms.
According to the computer technology today, digital format of data can be fully expressed
in a simple way. Unfortunately, digital fingerprinting data in the shape of banding
patterns is more complex and therefore difficult to exchange, so standard procedures have
to be followed by all laboratories to avoid differences in banding patterns. By comparing
banding patterns with each other, it is assumed that bands with the same size contain the
same gene fragment. This can be misleading, because bands with the same size can
consist of completely different gene fragments and thus give false identification of tested.
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CHAPTER III
MATERIAL AND METHODS
Fungal Cultures
To obtain fresh conidia fungal spores form, a glycerol stock were spread on a
PDA (Potato Dextrose Agar) plate using an inoculation loop and incubated at 28°C for 5
days. Conidia were collected by adding 5 ml 0.05% (V/V) Triton X-100 to the surface of
PDA and dislodging with a glass rod, the resulting spore suspension was stored at 4°C
until needed. To collect the necessary fungal tissue 50 μl of surface liquid was decanted
to 100 ml potato dextrose broth and incubated at 28°C, with agitation at 250 rpm for 7
days. Fungal tissue was harvested by vacuum filtration through filter paper in the
Buchner funnel, frozen in liquid nitrogen, and stored at -80°C until use.

Fungal Genomic DNA Extraction
This method was modified by Moller (Moller et al. 1992). Frozen tissue was
ground by 2000 Geno/Grinder™ (Spex SamplePrep, LLC) under 1000 strokes per minute
for 3 minutes and followed by 200 strokes per minute for 1 minute. Fungal powder was
suspended in 3 ml (1 ml per gram of frozen fungal tissue) TSE buffer (10 mM Tris pH 7.6,
1 mM EDTA pH 8, 0.1 M NaCl and 1% SDS) and incubated at 37°C for one hour with
gentle continuous shaking. The suspension was centrifuged at 10,000 rpm for 10 minutes
and the resulting supernatant was transferred to a clean autoclaved 2-ml centrifuge tube.
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An approximately equal amount of phenol was added to the supernatant and the tube was
gently inverted several times until the whole liquid became clouded. The centrifuge tube
which contained phenol and supernatant mixture was spun at 13,000 RPM for 15 minutes,
4°C. The top layer was extracted to a fresh new 2 ml centrifuge tube, and 500 μl of
chloroform was added to the fresh tube. The tube containing the transferred liquid was
inverted until a turbid liquid cloud formed. Also, this mixture was spun at 13,000 RPM
for 15 minutes, 4°C. After centrifuging, the top layer that contained fungal genomic DNA
was extracted to a new 2 ml centrifuge tube and 50 μl 3 M Sodium Acetate, pH. 4.6,
added with gently inverting. DNA precipitation was performed by adding 1 ml of 100%
ethanol and the sample kept at -20°C overnight. Next day, the tube was spun at 13,000
rpm for 15 minutes, 4°C to pellet DNA. Descanted ethanol slowly and avoided disturbing
the pellet. The same tube with 1 ml 70% ethanol was washed to remove salts and spun
down the pellet at 13,000 RPM for 15 minutes. Descant ethanol and air dry about 10
minutes. DNA was resuspended in TE buffer (The amount depended on the size of the
pellet, generally was added about 50-100 μl of TE) and resulting DNA assessed for
quality. Samples below a ratio of DNA absorbance at 260 / 280 nm of 1.9 were discarded
and regrown or extracted as needed.

Known Aspergilli Strains And Primers
To establish Tm profiles of known Aspergillus flavus, representative VCGs were
obtained from National Peanut Research Laboratory, U.S. Department of Agriculture,
Georgia, A. flavus strains. Additionally, A. flavus strains F3W4 (NRRL 30796) and K49
(NRRL 30797) were provided by the USDA-ARS Mycotoxin Research Unit, Stoneville,
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Mississippi, and A. flavus NRRL 3357(ATCC 200026; SRRC 167), A. paraciticus SU-1
(SRRC 167B; ATCC # 56775 and 201461), A. oryzae RIB 40 (National Research Institute
of Brewing Stock Culture and ATCC-42149), A. tamari NRRL 20918, A. pseudotamarii
NRRL 2420 and A. sojae were provided by the USDA-ARS-SRRC Food and Feed Safety
Unit. Primers for PCR were selected and designed by the basis of published data
(Nai-Dee 2000; Scherm et al. 2005) and the annealing temperature of each primer was
calculated at 5°C below the primer Tm for the PCR reaction (Table 1). If the calculated
was greater than 70°C, then 65°C was used for annealing temperature in the quantitative
real time PCR (qRT-PCR) to avoid polymerization reaction and the formation of primer
dimers.

Quantitative Real-Time PCR
A LightCycler® 480 (Roche) was used for qRT-PCR reaction and detecting Tm of
PCR products. Amplification was conducted using LightCycler® 480 SYBR Green I
Master (Roche) in a 20 μl reaction mixture containing 50 ng of fungal DNA as a template,
10 μM of each primer, and 1X of Master Mix. Cycling reactions were based upon the
recommended in the LightCycler® 480 SYBR Green I Master manual (Roche) as listed
on Table 2. Annealing temperature was 5°C below the calculated Tm or 65°C if this value
would be above 70°C. The software provided with the real-time PCR instrument was
used to acquire Tm of PCR products. The Tm detecting threshold was set as the software
default and the limitation of Tm peaks of plot (fluorescence vs. temperature) was set at
two peaks. All samples tested were repeated a total of three times.
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Table 1

Information of Primers Including Name, Sequence, Annealing Temperature
Used in This Study (forward primer listed first for each pair).

Primer name
AFPM1
AFPM2
AFPM3
AFPM4
AFPM5
AFPM6
AFPM7
Nor1
Ver1
Omt1
347ACT70
327TAA4
277TTC32
250TTC23
205TTTC17
177TAA18
123AC27

Primer Sequence (5'-3')
Annealing temperature
CCCAGTCACGACCATTAC
51°C
GGTTCGTAGGTGGATAGAG
CCACGCTCCTCAAATACG
56°C
CTGGACGGAGATCACGAC
CACCACCAGTGAGGG
56°C
CCTTTCGCACTCCGAGAC
TCTTGCTATACATATCTTCACC
51°C
AGCGATACAGTTTTAACACC
CCATTATGACATGTGGTTAAGAG
54°C
TCCTACCCGAGAGAGTCTG
CTCAACGCAAGTCAGGTACGC
61°C
CGAAAGGCAGTTGTGAAGGC
CAAATACCAATTACGTCCAACAAGGG
63°C
TTGAGGCTGCTGTGGAACGC
ACGGATCACTTAGCCAGCAC
65°C
CTACCAGGGGAGTTGAGATCC
CCGTTTAGATGGCAAAGTGG
65°C
CTTTCAGGTGACCGAACGAT
GCCTTGCAAACACACTTTCA
65°C
AGTTGTTGAACGCCCCAGT
CAAGGTTGGCTAATCGGCA
60°C
TAACAGGCGGTAGCAGAGCA
TGCCTAAAGCTCCTTCCTCC
57°C
CGGCTGTGTCGGCTATTA
CAACCCAGGAGTTCTGATGC
59°C
TGCTATCTGCCTTGGAGACG
GTGGTTCCTGTTTTGCATGG
56°C
CTTTCTTGCCTTAGGCAGTCT
CTCTTCTTCGCCGGTCTTGT
60°C
GCAGTGAGGCCCTTTTCTTG
AGGAGAGGGAACCCAAGTCA
59°C
CATTAACCGTGCAGGATGGC
ACCCACCTTACCCACACCAAC
60°C
CAACCCTGCCAATCTTCCTC

27

Table 2

Protocol for Use with LightCycler® Multiwell Plate 96.

Program name
Pre-incubation
Amplification
Melting Curve
Cooling
Target
(°C)
Pre-incubation
95
Amplification
95
Primer1
72
Melting Curve
95
65
97
Cooling
40
1

Cycles
1
45
1
1
Acquisition
mode

Analysis mode
None
Quantification
Melting Curve
Nome

Hold
(hh:mm:ss)

Ramp Rate
(°C/sec)

Acquisitions

None

00:05:00

4.4

None

None
None
Single

00:00:10
00:00:20
00:01:00

4.4
2.2
4.4

None
None
None

None
None
Continuous

00:00:05
00:01:00
None

4.4
2.2
None

None
None
10

None

00:00:10

1.5

None

For this step, the primer annealing temperature was used as Table 1.

NOTE:

The upper table is the main PCR parameters and they must be programmed by
the following reaction temperatures and acquisition mode (lower).
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The Computer Program
All computer manipulation process of Tm values was executed under Microsoft®
Windows® XP. The program, Weka 3.4.x, was downloaded from Department of
Computer and Mathematical Science, University of Waikato, New Zealand. To run Weka,
Java™ 1.4 (or later version) can be obtained on website: java.com, because it is required
to install before running Weka 3.4.x. Weka is a collection of machine learning algorithms
for data mining tasks. The algorithms can either be applied directly to a dataset or called
from developed Java code. Weka contains tools for data pre-processing, classification,
regression, clustering, association rules, and visualization. It is also well-suited for
developing new machine learning schemes. In order to generate the decision tree, fungal
Tm profiles were inputted by following the Weka demanded data form as follows:
@RELATION (Program name)
@ATTRIBUTE (Primer name) (Tm profiles for this primer)
@ATTRIBUTE CLASS (Fungal name)
@DATA (Tm profiles of fungus), (Fungal name)
The completed fungal Tm profiles data set was listed at Table 3. The fungal identification
decision tree was output as “.txt” file. Because of for slinky, the original generated fungal
identification decision tree was rewritten by Microsoft® Office Visio.

Field Samples
To asses the ability of Tm profiling and the decision tree to identify unknown
samples, selected samples from an ongoing field trial were examined. Unknown samples
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Table 3

The Fungal Tm Data Sets.

@RELATION aspergillus
@ATTRIBUTE afpm1
{83,84}
@ATTRIBUTE afpm2 {83,87,83-87,86-83,83-86,82-86,86}
@ATTRIBUTE afpm3
{84,85,86}
@ATTRIBUTE afpm4
{83,79-84,80-84,84,80-83,82-83,81,80-82,82-84,80-85,82-86}
@ATTRIBUTE afpm5
{75,76,77,76-87,75-86}
@ATTRIBUTE afpm6
{87,88}
@ATTRIBUTE afpm7
{87,91,92}
@ATTRIBUTE 347_ACT70
{77,78}
@ATTRIBUTE 327_TAA41 {76,77,88,89,N}
@ATTRIBUTE 277_TTC32
{79,82,79-82,83,84,80-85,79-83}
@ATTRIBUTE 250_TTC23
{78-82,77-82,82,78-81,81}
@ATTRIBUTE 205_TTTC17
{78,79}
@ATTRIBUTE 123_AC27
{80,81,82,83,84,85,86,87,82-59,83-89,82-88}
@ATTRIBUTE 177_TAA18
{75,87,69-76,76,74-87}
@ATTRIBUTE 14B_TCC18
{80,80-88,79,79-87,80-89,78}
@ATTRIBUTE NOR1 {91}
@ATTRIBUTE OMT1
{82,87,88,89,85-89,89-93,88-94,70-86,88-93}
@ATTRIBUTE VER1 {75,87,88,89,88-93}
@ATTRIBUTE class
{A-flavus-K49,A-flavus-F3W4,A-flavus-NRRL-22024-VCG1,A-flavus-NRRL-20041-V
CG2,A-flavus-NRRL-29459-VCG6,A-flavus-F31-VCG6,A-flavus-NRRL-29464-VCG1
4,A-flavus-NRRL-29473-VCG17,A-flavus-NRRL-29474-VCG23,A-flavus-NRRL-2948
7-VCG25,A-flavus-NRRL-29492-VCG26,A-flavus-NRRL-29496-VCG27,A-flavus-NR
RL-29499-VCG28,A-flavus-NRRL-29501-VCG29,A-flavus-NRRL-29503-VCG30,A-fla
vus-F6-VCG31,A-flavus-F18-VCG35,A-flavus-F21-VCG38,A-flavus-F23-VCG40,A-fla
vus-F24-VCG41,A-flavus-F28-VCG44,A-flavus-F27-VCG43,A-flavus-F30-VCG45,A-fl
avus-NRRL-1957,A-flavus-F10-NPL,A-tamarii-NRRL-20918,A-oryzae-RIB,A-sojue-N
RRL-6271,A-parasiticus-Delta-J-mutant-50,A-parasiticus-Delta-J-mutant-21,A-parasituc
us-163-N1-SEC,A-parasitucus-162-N2-SEC,A-pseudotamarii-NRRL-2420,A-bombycis513-yellow,A-bombycis-513-green,A-flavus-3357}
@DATA
84,82-86,84,80-84,76,87,91,78,88,82,78-82,78,82,75,80,91,88,88,A-flavus-K49
84,86,84,79-84,76,87,91,78,89,82,78-82,78,84,75,79,91,89,88,A-flavus-F3W4
84,86,84,80-84,76,88,91,78,89,79,77-82,78,82,75,79,91,89,88,A-flavus-3357
84,87,84,83,76,88,92,78,89,82,78-82,79,84,75,80,91,89,88,A-flavus-NRRL-22024-VCG
1
84,87,84,83,76,88,92,78,89,82,78-82,79,85,75,80-88,91,89,88,A-flavus-NRRL-20041-V
CG2
84,83-87,84,80-84,76,88,92,78,89,82,78-82,78,80,75,80,91,89,88,A-flavus-NRRL-29459
-VCG6
30

Table 3 (Continued)
84,87,84,80-84,76,88,92,78,89,79-82,77-82,78,85,75,80,91,89,88,A-flavus-F31-VCG6
84,83-87,84,84,76,88,92,78,89,82,77-82,79,82,75,80,91,89,88,A-flavus-NRRL-29464-V
CG14
84,87,84,80-84,76,88,92,78,89,82,82,78,85,75,80,91,89,88,A-flavus-NRRL-29473-VCG
17
84,83-87,84,80-83,76,88,92,78,89,82,78-82,78,80,75,80,91,89,88,A-flavus-NRRL-29474
-VCG23
84,83-87,84,80-84,76,88,92,78,89,82,78-82,78,81,75,80,91,89,88,A-flavus-NRRL-29487
-VCG25
84,83-87,84,80-84,76,88,92,78,89,82,77-82,78,82,75,80,91,89,88,A-flavus-NRRL-29492
-VCG26
84,83-86,84,80-84,76,88,92,78,89,82,77-82,78,82,75,80,91,87,88,A-flavus-NRRL-29496
-VCG27
84,83-86,84,82-83,76,88,92,78,89,82,78-82,78,81,75,80,91,87,88,A-flavus-NRRL-29499
-VCG28
84,83-87,84,80-84,76,88,92,78,89,82,77-82,78,80,87,80,91,89,88,A-flavus-NRRL-29501
-VCG29
84,82-86,84,80-84,76,88,92,78,89,82,77-82,78,85,75,79,91,89,88,A-flavus-NRRL-29503
-VCG30
84,82-86,85,80-84,76,88,92,78,89,82,77-82,78,82,75,80,91,89,88,A-flavus-F6-VCG31
84,83-86,85,80-84,76,88,92,78,89,82,78-82,78,80,75,80,91,89,88,A-flavus-F18-VCG35
84,87,84,80-84,76,88,92,78,89,83,77-82,79,82,76,80,91,85-89,88,A-flavus-F21-VCG38
84,86-83,84,80-84,76,88,92,78,89,82,77-82,78,80,75,80,91,89,89,A-flavus-F23-VCG40
84,86,84,80-84,76,88,92,78,89,82,78-81,78,80,75,79,91,88,88,A-flavus-F24-VCG41
84,83,85,83,76,88,92,78,89,82,77-82,78,86,75,80,91,89,89,A-flavus-F28-VCG44
84,82-86,84,80-84,76,88,92,78,89,82,77-82,78,82,75,80,91,88,89,A-flavus-F27-VCG43
84,87,85,80-84,76,88,92,78,89,82,77-82,78,84,76,80,91,89,88,A-flavus-F30-VCG45
84,83-87,84,80-85,76,88,92,77,89,82,77-82,78,83,75,80,91,89-93,89,A-flavus-NRRL-19
57
84,83-86,84,80-84,76,88,92,78,88,82,78-82,78,80,75,80,91,85-89,88,A-flavus-F10-NPL
84,83-86,84,80-84,76,88,92,78,89,82,77-82,79,82,75,79,91,88-94,88,A-tamarii-NRRL-2
0918
84,83,85,80-83,77,88,87,77,N,82,77-82,78,83,69-76,80,91,70-86,89,A-oryzae-RIB
84,83,84,80-84,76,88,92,78,89,82,77-82,79,83,75,79,91,89-93,88,A-sojue-NRRL-6271
83,83,84,80-84,76,88,91,78,77,84,81,78,82-59,75,79,91,88-93,88,A-parasiticus-Delta-Jmutant-50
83,83,84,81,75,87,91,77,76,83,81,78,82-59,75,79-87,91,88-93,87,A-parasiticus-Delta-Jmutant-21
83,83,85,80-82,76-87,88,91,78,77,80-85,82,79,83-89,76,80-89,91,89,89,A-parasitucus-1
63-N1-SEC
83,83,84,80-84,75-86,88,91,78,77,79-83,81,78,82-88,75,78,91,88-93,88,A-parasitucus-1
62-N2-SEC
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Table 3 (Continued)
84,83-86,84,80-84,76,88,92,78,89,79-82,77-82,78,82,75,79,91,89,88,A-pseudotamarii-N
RRL-2420
84,87,86,82-84,76,88,92,78,88,79-82,77-82,78,87,74-87,79,91,88-93,87,A-bombycis-513
-yellow
84,87,85,80-84,76,88,92,78,89,79-82,77-82,79,83,75,79,91,89,88,A-bombycis-513-green
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were isolated from soil collected in October 2008 in experimental corn fields located in
the Mississippi Delta (Stoneville, Mississippi). The field experiment was designed to
assess the over-wintering of an atoxigenic A. flavus. Three separate treatments were
involved; a control field, a field with the atoxigenic strain A. flavus K49 applied with a
barley formulation, and A. flavus K49. Isolates of A. flavus were recovered from soil
plated on MDRB (Modified dichloran rose Bengal) media as described by Abbas (2006).
After 7 days of growth, fungal colonies were selected and streaked on 70 mm plates and
incubated for 7 days. Conidia from the fungal cultures were collected by loop and
inoculated into a 12 ml culture tube with 8 ml potato dextrose broth, which were then
incubated at 28°C with constant shaking at 150 rpm for 7 days. The resulting fungal
tissue was collected and genomic DNA extraction was performed as described above.
After collection of conidia with the inoculation loop, the cultures were tested for
aflatoxin-production using the ammonium hydroxide vapor exposure (AV) method
(Abbas et al. 2004). The test was done by placing a drop of ammonium hydroxide on the
cover of the 70 mm culture plates and put a 28°C incubator for 5 minutes. A color change
of the medium plate to purple or reddish indicates aflatoxin production. A total of 89
fungal colonies were selected for examination, each of which was run three times.

Plant Materials and Fed with Fall Army Worm (FAW)
Resistant maize inbred lines Mp708, Mp496 and Mp716 and susceptible inbred
line Tx601 were used for this study. All plants were grown in the Plant Science Research
Center, Mississippi Agriculture and Forestry Experiment Station. The green house
condition is maintained at a maximum day temperature of 33°C and minimum night
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temperature of 26°C. Four to five weeks old plants in mid-whorl developmental stage
were selected for fall army worm infestation. FAW (Spodoptera frugiperda) larvae were
nursery by the USDA-ARS Insect Rearing Laboratory, Starkville, MS. FAW were reared
in 30-ml plastic insect diet cups for 5 days under a photoperiod of 16:8 at 26.6°C on an
artificial diet. Each plant was infested by seven to eight larvae, each weighing about
10-12 mg, placed in the whorls of the plants and plants were covered by the plexiglass
chambers. After 24 h, wounded plant tissues (tissue within a 1 cm radius of insect
damage site) were collected and immediately frozen in liquid nitrogen, and then stored at
-80°C for later analysis.

Preparation of Protoplast
Leaves of appropriately treated maize plants were immersed in 0.5 M mannitol,
chopped with scissors into small pieces and washed in 0.5 mannitol for two times. All
tissue slices were transferred to 50 ml centrifuge tubes and immersed into enzyme
mixture solution containing 2% (w/v) cellulysin (Calbiochem), and 0.4% (w/v) macerase
(Calbiochem) in 0.5 M mannitol, andjusted to pH 5.5. The preparation was incubated in
30℃ for 5 h with gently shacking. Protoplasts were separated from undigested leaves by
filtration through a 100-μm mesh nylon cloth and collected by centrifuge at 250g, 5
minutes. For purification, protoplasts were resuspended in 0.5 M sucrose containing 10%
(w/v) ficoll and overlayered with 0.5 M sucrose containing 3% (w/v) ficoll and then with
0.5 M mannitol. The gradient solution was centrifuged at 1000g for 5 minutes.
Protoplasts floated to the interface between the layers of 0.5 M sucrose containing 3%
ficoll and of 0.5 M mannitol. Protoplasts were collected with a Pasteur pipette,
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resuspended with 0.5 M mannitol and collected by centrifugation with 250g for 5 minutes.
All solutions used for protoplasts were adjusted to pH 6.5 with 10 mM potassium
phosphate.

Preparation of Vacuoles
Vacuoles were released form protoplast essentially as described (Bekesiova et al.
2008). All steps were done at room temperature. To digest protoplast, a solution of 0.3 M
mannitol, 20 mM HEPES (adjusted to pH 8 with 1 M Tris), 1 mM EGTA, and 0.5
CHAPS was added to 0.5 to 1 ml of protoplast suspension. To purify the vacuoles, 4 ml
of the crude vacuole preparation was gently mixed with 4 ml of 0.4 M mannitol
containing 20% ficoll, 20 mM HEPES, pH 8.0, 1 mM EGTA, and 0.5 mM CHAPS. This
suspension was overlayered with 3 ml of the same solution containing 4% ficoll and with
2 ml of solution without ficoll. The gradient was centrifuged at 100g for 20 min. The
vacuoles were collected at the interface at the 0%/4% ficoll, collected by Pasteur pipette
and frozen in liquid nitrogen.

Protein Concentration
The protein content of each sample was determined by Bradford reagent (Sigma)
as followed by the manufacturer’s instructions. In brief, 1 μl of each protein sample was
mixed with 1 ml of Bradford assay reagent and incubated at room temperature for 5
minutes. The protein standard curve was plotted by a serial concentration of bovine
serum albumin (BSA, 1, 2, 3, 4, 5, 7, 8, and 10 μg) were separately mixed with 1 ml of
Bradford assay reagent and incubate at room temperature for five minutes, then, protein
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concentration was determined by the spectrophotometer (GeneQuant, GE healthcare) at
OD 595 nm. The standard curve was plotted by the net OD values at 595 nm vs. the
known BSA concentrations.

SDS-PAGE
Ten μg of total protein from each sample was mixed with 3X SDS Sample Buffer
(Biolabs) and denatured by heating aliquots to 90°C for 10 min. The protein samples
were loaded into SDS-PAGE for analysis. The SDS-PAGE was composed by the 12%
(w/v) resolution gel and placed on top by the 4% (w/v) stacking gel. The resolution gel
was made by 3.3 ml of distilled water, 4 ml of 30% acrylamide mix (acrylamide: N’, N’ –
bis-methylene-acrylamide = 29:1), 1,5 M Tris, pH 8.8, 0.1 ml of 10% (w/v) SDS, 0.1 ml
of 10% (w/v) ammonium persulfate and 4 μl of TEMED in a 20-ml beaker. This mixture
was poured into gel cassette and left about 2 cm from the top of the front glass plate. The
stacking gel composed 1.4 ml of distill water, 0.33 ml of acrylamide mix, 0.25 ml of 10
M Tris, pH 6.8, 20 μl of 10% (w/v) SDS, 20μl of 10% (w/v) ammonium persulfate and 2
μl of TEMED. The stacking gel mixture was poured overlaid on the polymerized
resolution gel and a 10-well comb was inserted in to the stacking gel. Whole gel cassette
and performing gel electrophoresis was supported by the Bio-Rad Mini-PROTEAN 3
CELL sets. The gel was run under constant 100 V and stop until the front line reached to
the bottom of the gel.
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Western Blotting
After SDS-PAGE electrophoreses, the gel was soaked in the transfer buffer (25
mM Tris-HCl, 192 mM glycine, 20% v/v methanol, pH 8.3) and the proteins were
transferred to the Nitrocellulose membrane with the Owl Semi-dry Electroblotting
System for 1 hr at 0.8 mA/cm2. After transfer, the membrane was blocked with
SuperBlock Blocking Buffer (Thermo Scientific) at 4°C, overnight. After removed
blocking buffer, A 1: 2500 dilution of Anti-tobacco class I chitinase rabbit IgG primary
antibody (Agrisera) was diluted in Tris-buffered saline containing 0.1% Tween-20, pH
7.4 (TBST), and then, incubated with membrane for 1 hour at 20°C. After incubation, the
primary antibody solution was removed and the membrane was washed in TBST for 5
min 4 times at 20°C. A 1:250,000 solution horseradish peroxidase conjugated Fc specific
anti-rabbit goat IgG (Pierce) diluted in TBST was added on the membrane and incubated
for 1h 20°C. After incubation, the membrane was washed in TBST again for 5 min 4
times at 20°C. Residual TBST was removed from membrane and a working solution by
mixing equal part of the Stable Peroxide and the Luminol/Enhancer from the SuperSignal
West Femo kit (Pierce) was overlaid on the membrane for 5 min. The membrane was
removed from working solution and placed it in a plastic wrap. The absorbent tissue was
used to remove excess liquid and carefully pushed out any bubbles from between the blot
and the surface of the plastic wrap. The membrane was transferred to a film cassette and
exposed onto High performance chemiluminescence film (GE) in the dark room to
acquire the signal onto the film. The exposure time was adjusted from 5 sec to 1 min until
got the best result.
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Chitin-Azure Chitinase Assay
Ten micrograms of chitin azure was added to microcentrifuge tubes containing
990 μl of 200 mM sodium phosphate buffer at pH 7.0. Ten microliters of protein sample
was added, and the mixture was incubated at 37°C for 24 hr on a shaker. The mixture was
then centrifuged at 16,000g for 10 min and the absorbance at 570 nm of the supernatant
was determined. Samples were compared to blanks containing sample buffer without
chitinase. One enzyme unit was defined as changing in the optical density at 570 nm of
1.0 in 24 h.

Maize Nucleic Acid Extraction
Maize total RNA isolation was extracted by TRI Regent® (Ambion) in accordance
with the manufacturer’s recommendation and slightly modified for plant tissue RNA
extraction. Frozen tissue was ground to fine powders by mortar and pestle. The
homogenized sample was added 1 ml of 100 mg tissue and the sample volume should not
excess 10% of the volume of TRI Reagent®. Whole mixture including insoluble material
was transferred to fresh centrifuge tube. Sometimes, if plant tissue contained a lot of
protein, polysaccharide, and the whole mixture showed very sticky. To avoid this,
centrifuge at 12,000xg for 10 minutes at 4°C was an option. The 1-Bromo-3-Chloro
propane was added to the homogenate and shaken vigorously for to increase RNA yield.
After 5 minutes incubation at room temperature, the whole mixture was centrifuge at
12,000g for 10 minutes at 4°C. The top aqueous phase was transferred to a fresh tube and
added 500 μl of isopropanol per 1 ml of TRI Reagent® with vortex at moderate speed for
5 seconds and then incubated at room temperature for 5-10 minutes. To precipitate RNA,
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the sample was centrifuged at 12,000g for 8 minutes at 4°C and then discarded
supernatant. The pellet was washed by 75% ethanol per 1 ml TRI Reagent®. Ethanol was
removed by centrifuge at 7,500g for 5 minutes and removed all residual ethanol by
centrifuging again shortly and removing the ethanol that collected with a fine tip pipette.
RNA was air dried and dissolved by Ambion Nuclease-free water.

First-Strand cDNA Synthesis
The cDNA synthesis was done by Invitrogen™ ThermoScript™ RT-PCR system.
Briefly, 1 ng of template total RNA for each sample was used. The total RNA was
denatured by incubating at 65°C for 5 minutes to prevent RNA secondary structure.
Oligo(dT)20 primer for this cDNA synthesis was selected and instead of random hexamer.
The master reaction mixture was prepared during RNA incubation followed by the
ThermoScript™ RT-PCR system protocol. One μl (1ng/μl) of Total RNA was mixed with
1 μl Oligo(dT)20 primer (50 μM), 10 mM dNTP mix and final adjusted the total volume to
12μl with DEPC-treated water. The tube was placed on ice and ready for use. Four μl 5x
cDNA synthesis buffer, 1μl 0.1 M DTT, 1μl RNaseOUT™, 1μl DEPC-treated water and
1μl ThermoScript™ RT were added in the tube and mixed gently by pipeting. The
first-strand cDNA synthesis reaction was carried out by incubating for 60 minutes at
50°C. The reaction was terminated by heating at 85°C for 5 minutes. All cDNA synthesis
reactions were used for PCR immediately and stored at -20°C
.
Polymerase Chain Reaction
The Platinum® Taq DNA polymerase (Invitrogen, Carlsbad, CA) was used for
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polymerase chain reactionTwo primers, (PrmF: 5’- CGCCGCAGTGCCCCTACCC – 3’
and PrmR: 5’ – TCTCCCGATGATCCGCTCTTATTA -3’) designed for amplification of
maize chitinase 3’-end gene. The PCR mixture contained 10 μl of the cDNA, 1 μl each of
PrmF and PrmR (10 μM) primers, 1μl of dNTP, 1μl of Platinum® Taq DNA polymerase,
5 μl of 10X PCR buffer and used distilled water to adjust final volume to 50 μl. PCR was
conducted in Eppendorf PCR machine with preheat at 95°C for 10 minutes, following by
30 cycles at 95°C for 90 seconds, 60°C for 30 seconds, 72°C for 70 seconds, and for final
extension was 72°C for 10 minutes.

Purification of PCR Product
The QIAquick® PCR purification kit (Qiagen) was used to purify the PCR
product. The PCR product was elctrophoresed on a 1.2 % (w/v) agarose gel with 1X TAE
buffer (20 mM Tris-HCl, pH 7.5, 7.5 mM sodium acetate, 0.5 mM EDTA). The gel was
running under 100V for 50 minutes. The gel was stained by ethidium bromide and then
soaked in water for 5 minutes to remove excess ethidium bromide. The DNA was cut by
clear razor blade under UV illumination and transferred into microcentifuge tube. Three
volume of QG buffer was added into 1 volume gel (mg) and incubated for 10 minutes
until the gel dissolved completely. If the mixture was not yellow (orange or violet) after
gel dissolved, 10 μl of 3 M sodium acetate was added, pH 5.0. One gel volume of
isopropanol was added to the sample and mixed for increasing the DNA yield. The
mixture was transferred to the QIAquick spin column and centrifuge for 1 minute for
binding DNA. The column was washed by 0.5 ml of QG buffer to remove unbound
residuals. Again, the column was washed by 0.75 ml of PE buffer, centrifuge for 1 min.
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The flow-through was discarded and the spin column was centrifuged for additional 1
min at 13,000 rpm for removing residual solution contained in the binding membrane of
the spin column. Finally, the spin column was placed in the 1.5 ml microcentrifuge tube
and the DNA was eluted by adding 50 μl of EB buffer, centrifuged for 1 min.

Cloning the PCR Product
The purified PCR product was cloned to TOPO TA Cloning Kit for Sequencing
(Invitrogen). According to the manufacturer’s user manual, two μl of fresh PCR product
was mixed with to 1 μl of Salt Solution and 1 μl of TOPO vector and then water was
added up to 6 μl, incubated at room temperature for 20 min. Added 2 μl of the cloning
mixture to a vial of One Shot Chemically Competent E. coli and incubated on ice for 20
min. The vial was heat-shocked for 30 sec at 42°C without shaking and immediately
transferred on ice. Cells were added 250 μl of room temperature S.O.C medium and
incubated at 37°C for 1 hour. The aliquots containing 50 μl of cell suspension was spread
on a prewarmed LB plate containing 50 μg/mL ampicillin and incubated overnight at
37°C.

Isolation of Recombinant Plasmid
Six colonies were picked up from the plates and transferred the single colony to
15 ml culture tube which contained 5 ml LB medium with 50 μg/mL ampicillin. Culture
tubes were incubated at 37°C overnight under vigorous shaking (250 rpm). Cell pellets
were collected by centrifuge at 10,000 rpm for 10 min. After descant the supernatant, cell
pellets were resuspended in 250 μl Buffer P1 (QIAprep Spin Miniprep Kit, Qiagen) and
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transferred to a microcentrifuge tube. Cell suspension was again mixed with 250 μl P2
Buffer by inverting the tube 4 to 6 times. Then, the cell lysate was added with 350 μl N3
Buffer and mixed immediately and thoroughly by inverting the tube for several times.
The supernatant was collected to QIAprep spin column after centrifuging at 13,000 rpm
for 10 min. The QIAprep spin was centrifuged for binding DNA to the affinity membrane
and washed by 0.5 mL Buffer PB in order to removing trance nuclease activities because
using endA+ E. coli strain. To get rid of the carbohydrate content from the QIAprep spin
column, the volume of 0.75 mL Buffer PE was added and centrifuged by 13,000 rpm for
1 min and then centrifuge at the same condition again for removing residual wash buffer
PE. At last, the QIAspin column was placed into microcentrifuge tube, the DNA was
eluted by adding 50 μl of EB buffer, centrifuged for 1 min.

Sequencing Recombinant pCR4-TOPO/Chitinase Plasmid
DNA sequencing was done by the DNA facility, Iowa State University. According
to the demands of DNA facility, the concentration should not less then 0.25 µg/µl and its
amount should be over 0.5µg. Sequencing primers, T7 primer
(5’-TAATACGACTCACTATAGGG-3’) were provided by DNA facility itself.
Sequencing results were directly downloaded from website and analyzed by using
LASERGENE software (DNASTAR).
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CHAPTER IV
RESULTS
Performing Tm Calling Analysis
The melting temperature analysis was performed by using automated algorithms
to find the peak areas and melting temperatures (Figure 3). Because of short sequence
repeats primers used in this study, the minimum number of melting peaks was set to 2
peaks. Short sequence repeats primers potentially representing variable numbers of
tandem repeat loci, primers had higher than expected chances to anneal other target
sequence.

DNA Concentration and Melting Temperatures
Since I used this method to differentiate fungal strains and to ensure that the Tm
values were consistent, the DNA concentration was gradually increased from 50 ng to
100 ng with the same primer, NOR1. Each representative DNA concentrations were
repeated for 5 times. The result shows that the averages of Tm values are constant at
91°C and not changed (Table 4). It suggested that DNA melting temperature acquired
under this board of concentration range was not influenced by DNA concentration. As a
result, the personal manipulation error and varieties of DNA extraction kits and
quantitative instruments will not affect the melting temperature.
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Figure 3

Representative Melt Curves.

Tm was acquired after PCR reaction and calculated by software supported by Roche
LightCycler 480®. Typical representation of the results of one peak (A) and two peaks
(B).
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Table 4

Tm Constancy Test.

Concentration
50 ng
60 ng
70 ng
80 ng
90 ng
100 ng
a

90.98
90.82
90.77
90.79
90.79
90.80

91.02
90.63
90.62
90.67
90.71
90.54

Repeats (°C)
90.91
90.53
90.52
90.73
90.84
90.61

90.83
90.63
90.62
90.77
90.58
90.48

Standard Deviation

NOTE: A. Flavus VCG 54 with Primer NOR1.
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90.79
90.57
90.60
90.64
90.79
90.33

Average(°C)
91
91
91
91
91
91

SDa
0.10
0.11
0.09
0.06
0.10
0.12

Selection of Classification Options
As described above, Weka processed the classification tree. After inputting all
fungal representative data, several different classification trees were obtained at once
(Figure 4) and they can be divided into two different major trees. The first tree is
classified by groups, sorting by the first SSR primer divided into two or three groups and
followed by the use of another primer to classify again (Figure 4A). In the end, this
procedure can eventually identify every fungal strain at the branch end of the
classification tree but still needed more SSR primers. This result violates the concept of
developing new identification methods, because the procedure requires more time and eas
more costly. The second tree (Figure 4B) was generated by the variety of representative
melting temperatures. Samples were classified by the primer that generated the variety
most representative of melting temperature for each fungal isolate. Then, the second step
is following by the next primer, which still presenting the most variety classification
results for this group. Apparently, from the Figure 4B, it is shown that this classification
procedure not only combines the advantage of Figure 4B, but if possible, some samples
can be identified during classification. Thus, the classification method based on the
variety of melting temperature was chosen. In other words, primers which represented
less variety or common melting temperature compared with other primers will be
removed. In doing so, this method can shorten identification procedure and save
expenses.
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Samples

Tm2

Tm1
S1, S2, S3...

S4, S5, S6...

B.

Figure 4

Two Possible Classification Methods.

Classify samples by grouping (A) and classify samples by Tm and groups (B).
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The Aspergillus spp. Identification Flowchart
After collecting all Tm values of each fungal strain versus selected primers, Tm
values were input into Weka. Each VCG represented unique Tm patterns with its
represented primers and every VCG can be separated independently (Figure 5). The
flowchart shows that every fungal VCG can be separated by this sorting program and the
similarity is 100% identical to Vegetative Compatibility Grouping methods. Also, other
Aspergullis strains , not assigned to VCGs, were used to test through this flowchart: A.
flavus NRRL 3357 (ATCC 20026, SRRC 167), a wild type strain that producing high
level aflatoxin; A. flavus NRRL 30797 (K49), non-aflatoxin producing strain for
biocontrol; and aflatoxin-producing A. flavus NRRL 30796 (F3W4). These three strains
started at the first key primer, AFPM2, and then followed the different flowchart
pathways depending on their individual represented Tm(s). Consequently, all of these
three fungal trains lay on the different ends of each branch. Other species of Aspergilla
such as A. paraciticus, A. oryzae, A. tamari, A. pseudotamarii and A. sojie also can be
differentiated by the flowchart. Primers that were applied to discriminate VCGs by
traditional fingerprinting method can be used to identify Aspergilla between diverse
species as well through this flowchart.

Using the Decision Tree
By using a decision tree it is possible to simplify the identification system the
smallest combination of primers can be used for identification. Decision trees provide a
structured approach to decision making where the most informative tests are conducted
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Figure 5

The VCGs Grouping Flowchart Generated by the C4.5 Algorithm Decision
Tree Analysis.

Branches are labeled by melting temperature and for a selected primer.
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first, and further tests run depending on the outcome of the first tests. To classify an
example using a decision tree (Figure 6A), one begins at the top node and, based on the
outcome of the test associated with this node, follows the appropriate branch, and
continues conducting the test at the next node until reaching a leaf node. In the case that
none of the choices available in the tree matches the test result, there is an implicit choice
of “unknown” available at each node (as indicated by U in Figure 6B)

Comparison of Flowchart and Ammonia Vapor (AV) Test
Using the Tm flowchart procedure, we successfully classified five samples as A.
flavus VCG43, 27 as A. flavus K49, 32 as A. flavus 3357 and 21 as A. flavus F3W4 (Table
5). The remaining 4 were classified as unknown because their Tm values were not
represented in the Tm database.

Sequences of Chitinase Gene
As described earlier, the chitinase enzyme (Prm3) is related to fungal, bacterial
and virus attack, especially for fungal attack by digesting the cell wall of fungus.
According to the previously study (Shivaji, personal communication), the level of mRNA
accumulation in insect resistant inbred line, Mp708, was more than in the susceptible line,
Tx601, when FAW attack. Furthermore, the destination of most chitinase proteins in the
vacuoles, few stay in the plant tissues. After protein modification in the Golgi apparatus,
chitinase will be transferred to the vacuoles and led by its 3’-end signal pepitide. The
results of comparison of chitinase mRNA sequences shows that all insect resistant inbred
lines have
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A.

B.

Figure 6

Illustrations of Identification Flowchart Based on the Melting Temperature
Varieties.

Beginning at the sample pool (top), the results of each test leads to another test until one
reaches an oval leaf node representing a final classification (A). An implicit choice of
“unknown” (U) indicated by a dotted line which means the data of its melting
temperature was not in the database (B).
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Table 5

Comparison of Ammonium Vapor Test (AV) and Flowchart Methods.
Yellowa

AV Test

Flowchart

a

No color
change
27

62
A. flavus
3357
32

A. flavus
F3W4
21

A. flavus VCG
43
5

Unknown
4

A. flavus
K49
27

Yellow color appearing on the plate means this fungal isolates produces aflatoxin.
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complete 3’-end sequences except Mp496 and the insect susceptible control line Tx601
lacks complete 3’-end sequences (Figure 7). This result implies that lacking of complete
3’-end sequences may decrease the ability of transportation chitinase protein affectively
to the chitinase protein so that vacuoles do not contain enough chitinase protein for
defense mechanism.

Relative Expression level of Chitinase mRNA Gene
All resistant lines in this study showed that the rates of chitinase mRNA
expression were constantly expressed without stimulation by FAW (Figure 8), and they
were almost the same as the susceptible line, Tx601, when attacked by FAW. After
infested by FAW, all mRNA of chitinase genes were increased, especially in Mp708.
Compare to Figures 7, the 3’-end of the chitinase leading peptide shortage does not affect
the transcription or translation of chitinase genes, which means the length mRNA cannot
lead to pre-mature RNA or stop early during protein synthesis. This implies that the
leading peptide only play the role of helping transport chitinase protein to vacuoles.
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Figure 7

Comparison of 3’-end Sequences of Selected Inbred Lines.
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Chitinase Protein in Vacuoles
The protein amount in Mp708 was larger than Mp716 and Mp496. Apparently,
chitinase protein was barely detected in Mp496 as susceptible line Tx601 (Figure 9). It
was indicated that the 3’-end sequence of chitinase mRNA were essential and it played
the key role to accumulate chitinase protein in vacuoles. Lacking few base pairs does not
mean that chitinase has no ability to be accumulated in vacuoles but these sequences did
affect the efficiency of protein transportation. In a surprise, activities of chitinase protein
were not affected by the sequences of leading sequences, no matter it has completed
sequence or few bases shortage (Figure 10).
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Figure 9

Western Blot of Chitinase Protein in Vacuoles.

Each lane contained 10 ug of protein. Chitinase protein with deletion of 8 to 10 bases in
the 3’-end mRNA (Mp496 and Tx601) accumulated less protein than others with
complete sequences (Mp708 and Mp716)
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CHAPTER V
SUMMARY AND DISCUSSION
A. flavus Fingerprinting
Aspergillus species are widely distributed fungi that release large amounts of
airborne conidia that are dispersed in the environment. Several Aspergillus specie have
been described as human pathogens. Aspergullus flavus is the species most frequently
found in crops. To investigate the epidemiological relationhip in crops and soils
molecular typing techniques for fungal isolates have been developed. Fingerprinting
techniques for A. flavus required a high discriminatory power and need to be highly
reproducible, since a high extent of genetic variability has been demonstrated. The RFLP
method in combination with the hybridization probe is highly discriminatory. However,
this method is time-consuming and labor intensive performance and the RFLP banding
pattern are difficult to interpret. This makes the RFLP method far from ideal for typing a
large number of isolates. In contrast, typing techniques which yield sequence data, such
as MLST, is 100% reproducible and the data can be readily exchanged between
laboratories. Unfortunately these methods lack sufficient discriminatory power for large
provide a high level of large scale studies. Microsatellites or STRs, however, have shown
to provide a high level of discrimination between wide varieties of micro-organisms. STR
analysis yielded highly reproducible and exact typing results, which allow the easy
exchange of data, but using repeat sequences in a single PCR amplification may lead to
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the formation of fragments of the same length. Successful classification of Aspergilli
based on Tm profile was first reported in efforts to distinguish A. flavus, A. niger, A.
terreus and A. fumigatus (Faber et al. 2009). However, in biocontrol studies there is a
need to distinguish strains within the same species, and this is beyond the capabilities of
most classification methods. Tm profiling will provide the accuracy needed for
classification, even among highly related fungal samples. However, as the number of
strains/species to be identified increases, the number of PCR reactions required to
distinguish them also increases.
The temperature at which a DNA strand separates or melts when heated can vary
over a wide range, depending on the sequence, the length of the strand and the GC
content of the strand. Furthermore, melting temperature can vary for products of the same
length but different GC/AT ratio, or for products with the same length and GC contents,
but with a different GC distribution. Also, base pair mismatches between two DNA
molecules lead to a decrease in melting temperature. This effect is more pronounced for
short DNA hybrids. The measurement of fluorescence emitted by DNA denaturation was
used to determine the melting temperature of each sample. The melting temperature of a
sample is defined as the point at which half of the DNA has melted. In this study of the
SYBR Green I dye, this is due to the separation of DNA strands and consequently the
release, of SYBR Green I molecules. As SYBR Green I only fluoresces at 530 nm if
bound to double-strand DNA, melting dramatically decreases fluorescence at this
wavelength. The analysis depended on displaying a melting peak(s) chart that plots
fluorescence versus temperature (Figure 3). Display the melting temperatures as peaks
were set limitations to two peaks and make it easier to distinguish a sample’s
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characteristic melting profiles. Thus, non-specific amplification may occur and present
more then two repeats at the melting curve display chart. Using SYBR Green I to acquire
and analyze obtained DNA melting temperature is very sensitive; any possible
double-stranded DNA can be monitored and acquired its reprehensive melting
temperature. The peak limitation parameters can avoid biases such as primer dimer
formation and non-specific amplification.
In this study, a novel assay for fingerprinting Aspergillus spp. is described and
evaluated. Although a total 18 primers were used to establish the database of Tm values
for known fungal VCGs (Figure 5), after generation of the decision tree it was found that
only 9 primers were necessary to identify all Georgian VCGs down to the level of the
strain. The primers that were not included by the decision tree learning algorithm provide
less information on melting temperature variations than the primers that were included
and are not required to uniquely identify each strain. As additional strains and fungal
species are examined, these primers or new ones may be needed when the decision tree is
reconstructed to include the additional species/strains. For the known species and strains
in this study, the decision tree requires a minimum of two and a maximum of six primers
to uniquely identify all strains, and the average number of primers required to do so is 3.4.
Classical fingerprinting approaches require all primers to be run on all samples and
compare the banding patterns on electrophoresis gel. Thus, Tm based fungal
fingerprinting coupled with the decision tree analysis is more efficient for distinguishing
samples than other methods especially under a large amount of fungal sample needed to
be identified such as discrimination of soil fungal isolations. This assay demonstrated
several characteristics important for a good typing assay. Major importances are the
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abilities to discriminate between Aspergillus spp. and Aspergillus flavus populations.
Typing results from epidemiological isolates showed identical to AV test. Table 4 shows
that the Tm classification and the AV test results were consistent and the samples shown
to produce aflatoxin via the AV tests were identified via Tm as strains known to produce
aflatoxin with the exception of the four that could not be identified. Although our Tm
database contains known fungal strains including A. flavus VCGs and some other
Aspergillus spp., all selected SSR primers were designed based on genomic sequences
from identified strains of Aspergillus spp. At any decision point in the tree, there is an
implied choice of “unknown” if the observed Tm is not one of the choices given in the
flowchart for that primer (Figure 6B). If a Tm value cannot be found in the flowchart at
one decision point, we assume the sample was not in the known Tm database or it is a
fungal strain other than an Aspergillus spp. This type of mismatch can potentially occur
anywhere in the tree, although we only encountered this situation at the first decision
point for primer AFPM2. Of the selected samples run, 96% could be placed into a strain
group by the Tm identification method. The database can be improved over time as new
strains are correctly identified via traditional taxonomic methods and their Tm values for
the SSR loci presented here (or, if necessary, new markers) are added to the database. We
anticipate the percentage of strains that can be identified will increase as additional VCG
strains are added to the database. Other advantages include the tolerances of DNA
quantification error and DNA manipulation error (pipeting error). In research settings,
quantitative real-time PCR is mainly used to provide quantitative measurements of gene
abundances. Therefore, real-time PCR is very sensitive to template DNA and primers
(probes). The goal of developing this method is to establish a rapid identification method
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having a potential to exchange the Tm database between different laboratories. Along
with the improving of molecular techniques, DNA extraction kits are varies. Different
researchers use DNA extraction kits depending on their own personal preferences. For
DNA quantification, instrument variation and researcher’s pipeting error in DNA dilution
are still the concern in developing this method. According to the operation manual of
LightCycler® 480 (Roche), the ideal template concentration for real-time PCR is 50 ng.
According to the Table 4, increasing template DNA concentration from 50 ng to 100 ng
did not influence results in acquiring Tm. For the typing procedures, the most efficient
primers were selected and discriminated the PCR results without comparing the banding
pattern. Furthermore, transferring banding pattern to digital numbers (Tm values) makes
it easy to interpret the data data. Together with the use of computer-based sorting
program, it is even possible to exchange fingerprinting typing data between laboratories.
The high throughput of samples, the low cost, the robustness and the inter-laboratory
reproducibility together with the easiest manipulated Tm values makes this method
suitable for fingerprinting large numbers of isolates and exchange of results between
laboratories.

Chitinase
In mature plant cells, the vacuoles are the largest of the membrane-bound
organelles. Plant vacuoles often serve as both a lytic compartment for the degradation of
materials and as a storage area for proteins. Protein concentrations in the vacuoles
determine the efficiency of functions that are essential for the regulation and maintenance
of plant growth and development. Soluble plant vacuolar proteins are sorted away from
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secreted proteins into small vesicles at the Golgi network. This process requires the
presence of sorting signals on the vacuolar proteins. Some protein contains N-terminal
peptide that functions as a sorting signal and others contain COOH-terminal peptides
such as chitinase. In this study, maize defense reaction was triggered by FAW infestation
so that the abundance of chitinase mRNA increased, and the deletion of 3’-end seemed
has no effect on the transcription and translation level. Activities of vacuoles chitinase
protein were nearly the same in resistant and susceptible inbred maize lines. Deletion of 8
to 10 bases in the COOH-terminal sequences in chitinase affects its accumulation in
vacuoles. This result gave us a conjecture that there is a potential vacuolar sorting
receptor at the membrane of the vacuoles. This receptor may combine with the domain of
chitinase leading peptide. The region of 8 to 10 bases may project the combination
domain to the sorting receptor after translation. The future work is to obtain the complete
chitinase mRNA sequence so that the amino acid sequence can be translated. It can help
us to realize the chitinase hypothetical binding domain by protein structure/prediction
program. Moreover, cloning the 3’end chitinase gene and membrane receptor gene of
maize vacuole are necessary and utilize the yeast two hybrid system to verify the
efficiency of combination of these two proteins.

64

REFERENCES
Abbas HK, 2005. Aflatoxin and Food Safety. Boca Raton, FL: Taylor & Francis Group.
Abbas HK, 2006. Biocontrol of aflatoxin in corn by inoculation with non-aflatoxigenic
Aspergillus flavus isolates. Biocontrol Science and Technology 16: 437-449.
Abbas HK, Zablotowicz RM, Weaver MA, Horn BW, Xie W, Shier WT, 2004.
Comparison of cultural and analytical methods for determination of aflatoxin
production by Mississippi Delta Aspergillus isolates. Can J Microbiol 50:
193-199.
Adair DM, Worsham PL, Hill KK, Klevytska AM, Jackson PJ, Friedlander AM, Keim P,
2000. Diversity in a variable-number tandem repeat from Yersinia pestis. J Clin
Microbiol 38: 1516-1519.
Aguilar F, Hussain SP, Cerutti P, 1993. Aflatoxin B1 induces the transversion of G-->T in
codon 249 of the p53 tumor suppressor gene in human hepatocytes. Proceedings
of the National Academy of Sciences of the United States of America 90:
8586-8590.
Angle JS, Wagner GH, 1980. Decomposition of aflatoxin in soil. Soil Sci. Soc. Am. J. 44:
1237-1240.
Ashley LM, Halver JE, Wogan GN, 1964. Hepatoma and aflatoxicosis trout. Fed Proc 23:
105.
Aufauvre-Brown A, Cohen J, Holden DW, 1992. Use of randomly amplified polymorphic
DNA markers to distinguish isolates of Aspergillus fumigatus. J Clin Microbiol 30:
2991-2993.
Baird RE, Trigiano RN, Windham G, Williams P, Kelley R, Abbas HK, Moulton JK,
Scruggs ML, 2006. Comparison of aflatoxigenic and nonaflatoxigenic isolates of
Aspergillus flavus using DNA amplification fingerprinting techniques.
Mycopathologia 161: 93-99.
Balajee SA, Gribskov JL, Hanley E, Nickle D, Marr KA, 2005. Aspergillus lentulus sp.
nov., a new sibling species of A. fumigatus. Eukaryot Cell 4: 625-632.
65

Barnett NM, Naylor AW, 1966. Amino Acid and Protein Metabolism in Bermuda Grass
During Water Stress. Plant Physiol 41: 1222-1230.
Bart-Delabesse E, Sarfati, J., Debeaupuis, J. P., van Leeuwen, W., van Belkum, A.,
Bretagne, S., Latge, J. P., , 2001. Comparison of restriction fragment length
polymorphism, microsatellite length polymorphism, and random amplification of
polymorphic DNA analyses for fingerprinting Aspergillus fumigatus isolates. J
Clin Microbiol 39: 2683-2686.
Bayman P, Baker JL, Doster MA, Michailides TJ, Mahoney NE, 2002. Ochratoxin
production by the Aspergillus ochraceus group and Aspergillus alliaceus. Appl
Environ Microbiol 68: 2326-2329.
Bekesiova B, Hraska S, Libantova J, Moravcikova J, Matusikova I, 2008. Heavy-metal
stress induced accumulation of chitinase isoforms in plants. Mol Biol Rep 35:
579-588.
Bol JF, Linthorst HJM, Cornelissen BJC, 1990. Plant Pathogenesis-Related Proteins
Induced by Virus Infection. Annual Review of Phytopathology 28: 113-138.
Boller T, 1988. Ethylene and the regulation of antifungal hydrolases in plants. Surveys of
Plant Molecular and Cell Biology 5: 145-174.
Bondy GaP, JJ, 2000. Immunomodulation by fungal toxins. Journal of Toxicology and
Environmental Health 3: 109-143.
Borgia PT, Dodge CL, 1992. Characterization of Aspergillus nidulans mutants deficient
in cell wall chitin or glucan. J. Bacteriol. 174: 377-383.
Bowles DJ, 1990a. Defense-Related Proteins in Higher Plants. Annual Review of
Biochemistry 59: 873-907.
Bowles DJ, 1990b. Defense-related proteins in higher plants. Annu Rev Biochem 59:
873-907.
Broekaert WF, Van parijs J, Allen AK, Peumans WJ, 1988. Comparison of some
molecular, enzymatic and antifungal properties of chitinases from thorn-apple,
tobacco and wheat. Physiological and molecular plant pathology 319-331.
Brooks TD, Williams WP, Windham GL, Willcox MC, Abbas HK, 2005. Quantitative
Trait Loci Contributing Resistance to Aflatoxin Accumulation in the Maize Inbred
Mp313E. Crop Sci 45: 171-174.
Brown RL, Chen ZY, Cleveland TE, Russin JS, 1999. Advances in the development of
host resistance in corn to aflatoxin contamination by Aspergillus flavus.
Phytopathology 89: 113-117.
66

Burow GB, Nesbitt TC, Dunlap J, Keller NP, 1997. Seed Lipoxygenase Products
Modulate Aspergillus Mycotoxin Biosynthesis. Molecular Plant-Microbe
Interactions 10: 380-387.
Carbone I, Jakobek JL, Ramirez-Prado JH, Horn BW, 2007. Recombination, balancing
selection and adaptive evolution in the aflatoxin gene cluster of Aspergillus
parasiticus. Mol Ecol 16: 4401-4417.
Cardwell KF, Desjardins A, Henry SH, Munkvold J, Robens J, 2001. Mycotoxins: the
cost of achieving food security and food quality. APSnet
www.apsnet.org/online/feature/mycotoxin/top.html: 1-26.
Chang PK, Ehrlich KC, Hua SS, 2006. Cladal relatedness among Aspergillus oryzae
isolates and Aspergillus flavus S and L morphotype isolates. Int J Food Microbiol
108: 172-177.
Christensen CM, Nelson GH, 1976. Mycotoxins and mycotoxicoses. Mod. Vet. Pract. 57:
367-371.
Christensen M, 1981. A synoptic key and evaluation of species in the Aspergillus flavus
group. Mycologia 73: 1056-1084.
Cotty P, Bayman, P., 1993. Competitive exclusion of a toxigenic strain of Aspergillus
flavus by an atoxigenic strain. Phytopathology 83: 1283-1287.
Cotty PJ, 1989. Virulence and cultural characteristics of two Aspergillus flavus strains
pathogenic on cotton. Phytopathology 79: 808-814.
Cotty PJ, 1994a. Comparison of four media for the isolation of Aspergillus flavus group
fungi. Mycopathologia 125: 157-162.
Cotty PJ, 1994b. Influence of field application of an atoxigenic strain of Aspergillus
flavus on the populations of A. flavus infecting cotton bolls and on the aflatoxin
content of cottonseed. Phytopathol. 84: 1270-1277.
Cotty PJ, 1997. Aflatoxin-producing potential of communities of Aspergillus section
Flavi from cotton producing areas in the United States. Mycol. Res. 101: 698-704.
Daugrois JH, Lafitte C, Barthe JP, Touze A, 1990. Induction of B2;-1,3-Glucanase and
Chitinase Activity in Compatible and Incompatible Interactions Between
Colletotrichum lindemuthianum</i> and Bean Cultivars. Journal of
Phytopathology 130: 225-234.
Davis GL, Windham GL, and Williams WP., 2000. QTL for aflatoxin reduction in maize.
Maize Genet. Conf. Abstr 41: 39.
67

de Vries R, Frisvad J, van de Vondervoort P, Burgers K, Kuijpers A, Samson R, Visser J,
2005. Aspergillus vadensis, a new species of the group of black Aspergilli.
Antonie Van Leeuwenhoek 87: 195-203.
Diener UL, Cole RJ, Sanders TH, Payne GA, Lee LS, Klich MA, 1987. Epidemiology of
aflatoxin formation by aspergillus flavus. Ann Rev Phytopathol 25: 249-270.
Dixon RA, Harrison MJ, 1990. Activation, structure, and organization of genes involved
in microbial defense in plants. Adv Genet 28: 165-234.
Dorner JW, 2009. Biological control of aflatoxin contamination in corn using a
nontoxigenic strain of Aspergillus flavus. J Food Prot 72: 801-804.
Dorner JW, Cole RJ, Sanders TH, Blankenship PD, 1989. Interrelationship of kernel
water activity, soil temperature, maturity, and phytoalexin production in
preharvest aflatoxin contamination of drought-stressed peanuts. Mycopathologia
105: 117-128.
Eaton D, Gallagher E, 1994. Mechanisms of aflatoxin carcinogenesis. Annu. Rev.
Pharmacol. Toxicol. 34: 135-172.
Esteban A, Abarca ML, Bragulat MR, Cabanes FJ, 2006. Effect of water activity on
ochratoxin A production by Aspergillus niger aggregate species. Int J Food
Microbiol 108: 188-195.
Frisvad JC, Skouboe P, Samson RA, 2005. Taxonomic comparison of three different
groups of aflatoxin producers and a new efficient producer of aflatoxin B1,
sterigmatocystin and 3-O-methylsterigmatocystin, Aspergillus rambellii sp. nov.
Syst Appl Microbiol 28: 442-453.
Gaynor JJ, 1988. Primary structure of an endochitinase mRNA from Solanum tuberosum.
Nucleic Acids Res 16: 5210.
Geiser DM, Pitt JI, Taylor JW, 1998. Cryptic speciation and recombination in the
aflatoxin-producing fungus, Aspergillus flavus. Proc. Natl. Acad. Sci. U.S.A 95:
388-393.
Gilbert J, Vargas EA, 2003. Advances in Sampling and Analysis for Aflatoxins in Food
and Animal Feed. Toxin Reviews 22: 381-422.
Girardin H, Latge JP, Srikantha T, Morrow B, Soll DR, 1993. Development of DNA
probes for fingerprinting Aspergillus fumigatus. J. Clin. Microbiol. 31:
1547-1554.
Girardin H, Sarfati J, Traore F, Dupouy Camet J, Derouin F, Latge JP, 1994. Molecular
epidemiology of nosocomial invasive aspergillosis. J Clin Microbiol 32: 684-690.
68

Goldblatt LA. (1969). Aflatoxin-Scientific Background, Control and Implications.
Acaderitic Press, New York.
Gong Y, Hounsa A, Egal S, Turner PC, Sutcliffe AE, Hall AJ, Cardwell K, Wild CP, 2004.
Postweaning exposure to aflatoxin results in impaired child growth: a longitudinal
study in Benin, West Africa. Environ Health Perspect 112: 1334-1338.
Gonzalez-Salgado A, Patino B, Vazquez C, Gonzalez-Jaen MT, 2005. Discrimination of
Aspergillus niger and other Aspergillus species belonging to section Nigri by PCR
assays. FEMS Microbiol Lett 245: 353-361.
Gourama H, Bullerman LB, 1995. Antimycotic and antiaflatoxigenic effect of lactic acid
bacteria: a review. J. Food Prot. 58: 1275-1280.
Horn BaD, JW, 1998. Soil populations of Aspergillus species from section Flavi along a
transect through peanut-growing regions of the United States Mycologia 90:
767-776.
Horn BW, 2005. Colonization of wounded peanut seeds by soil fungi: selectivity for
species from Aspergillus section Flavi. Mycologia 97: 202-217.
Horn BW, Greene RL, Dorner JW, 1995. Effect of corn and peanut cultivation on soil
populations of Aspergillus flavus and A. parasiticus in southwestern Georgia.
Appl. Environ. Microbiol. 61: 2472-2475.
Horn BWG, R. L. Sobolev, V. S. Dorner, J. W. Powell, J. H. Layton, R. C., 1996.
Association of morphology and mycotoxin production with vegetative
compatibility groups in Aspergillus flavus, A. parasiticus, and A. tamarii.
Mycologia 88: 574-587.
James MJ, Lasker BA, McNeil MM, Shelton M, Warnock DW, Reiss E, 2000a. Use of a
Repetitive DNA Probe To Type Clinical and Environmental Isolates of
Aspergillus flavus from a Cluster of Cutaneous Infections in a Neonatal Intensive
Care Unit. J. Clin. Microbiol. 38: 3612-3618.
James MJ, Lasker BA, McNeil MM, Shelton M, Warnock DW, Reiss E, 2000b. Use of a
repetitive DNA probe to type clinical and environmental isolates of Aspergillus
flavus from a cluster of cutaneous infections in a neonatal intensive care unit. J
Clin Microbiol 38: 3612-3618.
Joosten MH, De Wit PJ, 1989. Identification of Several Pathogenesis-Related Proteins in
Tomato Leaves Inoculated with Cladosporium fulvum (syn. Fulvia fulva) as
1,3-beta-Glucanases and Chitinases. Plant Physiol 89: 945-951.

69

Kauss H, Jeblick, W., 1986. Influence of Free Fatty Acids, Lysophosphatidylcholine,
Platelet-Activating Factor, Acylcarnitine, and Echinocandin B on
1,3-beta-d-Glucan Synthase and Callose Synthesis. Plant Physiol 80: 7-13.
Klich MA, 1993. Morphological studies of aspergillus section versicolores and related
species. Mycologia 85: 100-107.
Klich MA, 2002. Biogeography of aspergillus species in soil and litter. Mycologia 94:
21-27.
Klich MA, 2007. Environmental and developmental factors influencing aflatoxin
production by Aspergillus flavus and Aspergillus parasiticus. Mycoscience 48:
71-80.
Klich MA, Lee LS, 1982. Seed viability and aflatoxin production in individual cottonseed
naturally contaminated with aspergillus flavus. J Am Oil Chem Soc 59: 545.
Krishnamachari K, Bhat, RV., Nagarajan, V., Tilak, TB., 1975a. Hepatitis due to
aflatoxicosis. An outbreak in Western India. Lancet 10: 1061-1063.
Krishnamachari K, Bhat, RV., Nagarajan, V., Tilak, TB., 1975b. Investigations into an
outbreak of hepatitis in parts of Western India. Indian J Med Res 63: 1036-1049.
Krishnamachari KA, Bhat RV, 1976. Poisoning by ergoty bajra (pearl millet) in man.
Indian J Med Res 64: 1624-1628.
Kumeda Y, Asao T, 1996. Single-strand conformation polymorphism analysis of
PCR-amplified ribosomal DNA internal transcribed spacers to differentiate
species of Aspergillus section Flavi. Appl Environ Microbiol 62: 2947-2952.
Lamb JWDaMC, 2006. Development and commercial use of afla-Guard®, an aflatoxin
biocontrol agent Mycotoxin Research 22: 33-38.
Lasker BA, 2002. Evaluation of performance of four genotypic methods for studying the
genetic epidemiology of Aspergillus fumigatus isolates. J Clin Microbiol 40:
2886-2892.
Latge JP, 1999. Aspergillus fumigatus and aspergillosis. Clin Microbiol Rev 12: 310-350.
Leah R, Tommerup H, Svendsen I, Mundy J, 1991. Biochemical and molecular
characterization of three barley seed proteins with antifungal properties. J Biol
Chem 266: 1564-1573.
Leslie JF, 1993. Fungal vegetative compatibility. Annu. Rev. Phytopathol. 31: 127-150.
70

Leslie JF, 1996. Fungal vegetative compatibility - Promises and prospects.
Phytoparasitica 24: 3-6.
Lin D, Lehmann PF, Hamory BH, Padhye AA, Durry E, Pinner RW, Lasker BA, 1995.
Comparison of three typing methods for clinical and environmental isolates of
Aspergillus fumigatus. J Clin Microbiol 33: 1596-1601.
Lin D, Lehmann, P. F., Hamory, B. H., Padhye, A. A., Durry, E., Pinner, R. W., Lasker, B.
A., 1995. Comparison of three typing methods for clinical and environmental
isolates of Aspergillus fumigatus. J Clin Microbiol 33: 1596-1601.
Maren A K, 2007. Aspergillus flavus: the major producer of aflatoxin. Molecular Plant
Pathology 8: 713-722.
Matsuoka M, Ohashi Y, 1986. Induction of Pathogenesis-Related Proteins in Tobacco
Leaves. Plant Physiol 80: 505-510.
McAlpin CE, Horn BW, Wicklow DT, 2005. DNA fingerprinting analysis of vegetative
compatibility groups in Aspergillus caelatus. Mycologia 97: 70-76.
McAlpin CE, Mannarelli B, 1995. Construction and characterization of a DNA probe for
distinguishing strains of Aspergillus flavus. Appl. Environ. Microbiol. 61:
1068-1072.
McAlpin CE, Wicklow DT, Horn BW, 2002. DNA Fingerprinting Analysis of Vegetative
Compatibility Groups in Aspergillus flavus from a Peanut Field in Georgia. Plant
Disease 86: 254-258.
McAlpin CE, Wicklow DT, Platis CE, 1998. Genotypic Diversity of Aspergillus
parasiticus in an Illinois Corn Field. Plant Disease 82: 1132-1136.
McEwen JG, Taylor, J. W., Carter, D., Xu, J., Felipe, M. S., Vilgalys, R., Mitchell, T. G.,
Kasuga, T., White, T., Bui, T., Soares, C. M., 2000. Molecular typing of
pathogenic fungi. Med Mycol 38 Suppl 1: 189-197.
McKean C, Tang L, Tang M, Billam M, Wang Z, Theodorakis CW, Kendall RJ, Wang JS,
2006. Comparative acute and combinative toxicity of aflatoxin B1 and fumonisin
B1 in animals and human cells. Food Chem Toxicol 44: 868-876.
Mellon JE, Cotty PJ, Dowd MK, 2000. Influence of lipids with and without other
cottonseed reserve materials on aflatoxin B(1) production by Aspergillus flavus. J.
Agric. Food Chem. 48: 3611-3615.
Mellon JE, Dowd MK, Cotty PJ, 2005. Substrate utilization by Aspergillus flavus in
inoculated whole corn kernels and isolated tissues. J Agric Food Chem 53:
2351-2357.
71

Moller EM, Bahnweg G, Sandermann H, Geiger HH, 1992. A simple and efficient
protocol for isolation of high molecular weight DNA from filamentous fungi, fruit
bodies, and infected plant tissues. Nucl. Acids Res. 20: 6115-6116.
Moody SF, Tyler, B. M., 1990. Restriction enzyme analysis of mitochondrial DNA of the
Aspergillus flavus group: A. flavus, A. parasiticus, and A. nomius. Appl Environ
Microbiol 56: 2441-2452.
Moon E, Rhee, DK., Pyo, S., 1999. In vitro suppressive effect of aflatoxin B1 on murine
peritoneal macrophage functions. Toxicology 133: 171-173.
Nai T-D, Dee C, 2000. Characterization of microsatellite loci in the aflatoxigenic fungi
Aspergillus flavus and Aspergillus parasiticus</i>. Molecular Ecology 9:
2170-2172.
Naidoo G, Forbes AM, Paul C, White DG, Rocheford TR, 2002. Resistance to Aspergillus
Ear Rot and Aflatoxin Accumulation in Maize F1 Hybrids. Crop Sci 42: 360-364.
Nelson LA, Callerame ML, Schwartz RH, 1979. Aspergillosis and atopy in cystic fibrosis.
Am Rev Respir Dis 120: 863-873.
Nenoff P, Friedrich T, Schwenke H, Mierzwa M, Horn LC, Haustein UF, 1997. Rare fatal
simultaneous mould infection of the lung caused by Aspergillus flavus and the
basidiomycete Coprinus sp. in a leukemic patient. J Med Vet Mycol 35: 65-69.
Newberne PM, 1974. Mycotoxins: toxicity, carcinogenicity, and the influence of various
nutritional conditions. Environ. Health Perspect. 9: 1-32.
Ngindu A, . Kenya, PR., Ocheng, DM., et al, 1982. Outbreak of acute hepatitis by
aflatoxin poisoning in Kenya. Lancet 319: 1346-1348.
Parsons TJ, Bradshaw HD, Jr., Gordon MP, 1989. Systemic accumulation of specific
mRNAs in response to wounding in poplar trees. Proc Natl Acad Sci U S A 86:
7895-7899.
Payne GA, Brown MP, 1998. Genetics and physiology of aflatoxin biosynthesis. Annu.
Rev. Phytopathol. 36: 329-362.
Payne GA, Hagler WM, Jr., 1983. Effect of specific amino acids on growth and aflatoxin
production by Aspergillus parasiticus and Aspergillus flavus in defined media.
Appl. Environ. Microbiol. 46: 805-812.
Peterson SW, Ito Y, Horn BW, Goto T, 2001. Aspergillus bombycis, a new aflatoxigenic
species and genetic variation in its sibling species, A. nomius. Mycologia 93:
689-703.
72

Pitt JI, 2000. Toxigenic fungi: which are important? Med Mycol 38 Suppl 1: 17-22.
Probst C, Njapau H, Cotty PJ, 2007. Outbreak of an acute aflatoxicosis in Kenya in 2004:
identification of the causal agent. Appl Environ Microbiol 73: 2762-2764.
Puers C, Hammond HA, Jin L, Caskey CT, Schumm JW, 1993. Identification of repeat
sequence heterogeneity at the polymorphic short tandem repeat locus
HUMTH01[AATG]n and reassignment of alleles in population analysis by using a
locus-specific allelic ladder. Am J Hum Genet 53: 953-958.
Rasmussen U, Bojsen K, Collinge DB, 1992. Cloning and characterization of a
pathogen-induced chitinase in Brassica napus. Plant Mol Biol 20: 277-287.
Rath PM, Kamphoff, S., Ansorg, R., 1999. Value of different methods for the
characterisation of Aspergillus terreus strains. J Med Microbiol 48: 161-166.
Reddy R, Taylo,MJ., Sharma, RP., 1987. Studies of immune function of CD-1 mice
exposed to aflatoxin B1 . Toxicology 43: 123–132.
Robens J, 2001. The costs of mycotoxin management to the USA: Management of
aflatoxins in the United States. APSnet Feature
http://www.apsnet.org/online/feature/mycotoxin/top.html: 2-8.
Roberts WK, Selitrennikoff CP, 1988. Plant and Bacterial Chitinases Differ in Antifungal
Activity. J Gen Microbiol 134: 169-176.
Sabino M, Milanez TV, Lamardo LCA, Navas SA, Stofer M, Garcia CB, 1997.
Evaluation of the efficiency of two immunoassay kits for detection of aflatoxin
B1 in corn, fish feed, peanuts and its products Ciencia e Tecnologia de
Alimentos 17: 107-110.
Samac DA, Hironaka CM, Yallaly PE, Shah DM, 1990. Isolation and Characterization of
the Genes Encoding Basic and Acidic Chitinase in Arabidopsis thaliana. Plant
Physiol 93: 907-914.
Savelkoul PH, Aarts, H. J., de Haas, J., Dijkshoorn, L., Duim, B., Otsen, M., Rademaker,
J. L., Schouls, L., Lenstra, J. A., 1999. Amplified-fragment length polymorphism
analysis: the state of an art. J Clin Microbiol 37: 3083-3091.
Scherm B, Palomba M, Serra D, Marcello A, Migheli Q, 2005. Detection of transcripts of
the aflatoxin genes aflD, aflO, and aflP by reverse transcription-polymerase chain
reaction allows differentiation of aflatoxin-producing and non-producing isolates
of Aspergillus flavus and Aspergillus parasiticus. Int J Food Microbiol 98:
201-210.
73

Scott GE and Davis FM, 1990. Registration of Mp496 inbred of maize. Crop Sci 21:
1981.
Scott GE and Zummo N, 1990. Registration of Mp313E parental line of maize. Crop Sci
30: 1378
Scott GE and Zummo N, 1992. Registration of Mp420 germplasm line of maize. Crop Sci
32: 1296.
Shetty PH, Bhat RV, 1997. Natural Occurrence of Fumonisin B1 and Its Co-occurrence
with Aflatoxin B1 in Indian Sorghum, Maize, and Poultry Feeds. Journal of
Agricultural and Food Chemistry 45: 2170-2173.
Shinshi H, Neuhas JM, Ryals J, Meins F, Jr., 1990. Structure of a tobacco endochitinase
gene: evidence that different chitinase genes can arise by transposition of
sequences encoding a cysteine-rich domain. Plant Mol Biol 14: 357-368.
Shotwell OL, Holaday CE, Athnasios AK, Ayres JL, Baxley JR, Bean GA, Chisholm T,
Edds GT, Erickson R, Johnson HS, Lowie DM, Minyard JP, Jr., Nesheim S,
Rashmawi KJ, Romer TR, Shannon GM, Soloman W, Teague RT, Wilson DM,
1981. Minicolumn detection methods for aflatoxin in raw peanuts: collaborative
study. J Assoc Off Anal Chem 64: 674-677.
Sieber P, Schorderet M, Ryser U, Buchala A, Kolattukudy P, Metraux J-P, Nawrath C,
2000. Transgenic Arabidopsis Plants Expressing a Fungal Cutinase Show
Alterations in the Structure and Properties of the Cuticle and Postgenital Organ
Fusions. Plant Cell 12: 721-738.
Singh A, Goering RV, Simjee S, Foley SL, Zervos MJ, 2006. Application of molecular
techniques to the study of hospital infection. Clin Microbiol Rev 19: 512-530.
Skowasch K, Wiegand P, Brinkmann B, 1992. pMCT 118 (D1S80): a new allelic ladder
and an improved electrophoretic separation lead to the demonstration of 28 alleles.
Int J Legal Med 105: 165-168.
Smart MG, L. Shotwell, and R. W. Caldwell, 1990. Pathogenesis in Aspergillus ear rot of
maize : light microscopy of fungal spread from wounds. Phytopathology 80:
1287-1294.
Somashekar D, Rati ER, Chandrashekar A, 2004. PCR-restriction fragment length
analysis of aflR gene for differentiation and detection of Aspergillus flavus and
Aspergillus parasiticus in maize. Int J Food Microbiol 93: 101-107.
Tandon BN, Krishnamurthy L, Koshy A, Tandon HD, Ramalingaswami V, Bhandari JR,
Mathur MM, Mathur PD, 1977. Study of an epidemic of jaundice, presumably
due to toxic hepatitis, in Northwest India. Gastroenterology 72: 488-494.
74

Taylor JW, Fisher, M. C., 2003. Fungal multilocus sequence typing--it's not just for
bacteria. Curr Opin Microbiol 6: 351-356.
Tran-Dinh N, Carter D, 2000. Characterization of microsatellite loci in the aflatoxigenic
fungi Aspergillus flavus and Aspergillus parasiticus. Mol Ecol 9: 2170-2172.
Trucksess M, Pohland, AE., 2002. Methods and method evaluation for mycotoxins
Molecular Biotechnology 22: 287-292.
Turner NW, Subrahmanyam S, Piletsky SA, 2009. Analytical methods for determination
of mycotoxins: A review. Analytica Chimica Acta 632: 168-180.
Tzee-Cheng C, Sheila MM, Su-Yong W, 1991. An outbreak of aflatoxicosis and boric
acid poisoning in Malaysia: A clinicopathological study. The Journal of Pathology
164: 225-233.
Urwin R, Maiden, M. C., 2003. Multi-locus sequence typing: a tool for global
epidemiology. Trends Microbiol 11: 479-487.
van Belkum A, Quint WG, de Pauw BE, Melchers WJ, Meis JF, 1993. Typing of
Aspergillus species and Aspergillus fumigatus isolates by interrepeat polymerase
chain reaction. J. Clin. Microbiol. 31: 2502-2505.
van Loon L, 1985. Pathogenesis-related proteins Plant Molecular Biology 4: 111-116.
van Loon L, Pierpoint W, Boller T, Conejero V, 1994. Recommendations for naming
plant pathogenesis-related proteins. Plant Molecular Biology Reporter 12:
245-264.
Van Loon LC, Van Strien EA, 1999. The families of pathogenesis-related proteins, their
activities, and comparative analysis of PR-1 type proteins. Physiological and
Molecular Plant Pathology 55: 85-97.
Varga J, Croft JH, 1994. Assignment of RFLP, RAPD and isoenzyme markers to
Aspergillus nidulans chromosomes, using chromosome-substituted segregants of
a hybrid of A. nidulans and A. quadrilineatus. Curr Genet 25: 311-317.
Vos P, Hogers R, Bleeker M, Reijans M, van de Lee T, Hornes M, Frijters A, Pot J,
Peleman J, Kuiper M, et al., 1995. AFLP: a new technique for DNA fingerprinting.
Nucleic Acids Res 23: 4407-4414.
Wang J-S, Tang L, 2004. Epidemiology of Aflatoxin Exposure and Human Liver Cancer.
Toxin Reviews 23: 249 - 271.

75

Warris A, Klaassen CH, Meis JF, De Ruiter MT, De Valk HA, Abrahamsen TG, Gaustad P,
Verweij PE, 2003. Molecular epidemiology of Aspergillus fumigatus isolates
recovered from water, air, and patients shows two clusters of genetically distinct
strains. J Clin Microbiol 41: 4101-4106.
Whitaker T, Horwitz W, Albert R, Nesheim S, 1996. Variability associated with analytical
methods used to measure aflatoxin in agricultural commodities. J AOAC Int 79:
476-485.
Williams JH, Phillips TD, Jolly PE, Stiles JK, Jolly CM, Aggarwal D, 2004. Human
aflatoxicosis in developing countries: a review of toxicology, exposure, potential
health consequences, and interventions. Am J Clin Nutr 80: 1106-1122.
Windham G, Williams, WP., 2002. Evaluation of Corn Inbreds and Advanced Breeding
Lines for Resistance to Aflatoxin Contamination in the Field. Plant Disease 86:
232-234.
Windham G, Williams, WP., 2007. Evaluation of Corn Inbreds and Advanced Breeding
Lines for Resistance to Aflatoxin Contamination in the Field. Plant Disease 86:
232-234.
Wubben JP, Joosten MHAJ, Kan JALv, Wit PJGM, 1992. Subcellular localization of
plant chitinases and 1,3-beta-glucanases in Cladosporium fulvum (syn. Fulvia
fulva)-infected tomato leaves. Plant diseases 41: 23-32.

76

